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FOREWORD

“In Japan, we have to control material because we cannot control people.” So says
a senior manager in one of the world's nost effective shipbuilding firms nuch to the
surprise of managers el sewhere who had accepted the nmyth of a certain sonething
about Japanese culture that produces better workers. Devoid of this excuse, some
traditionalists persist, “If we had the supplier/subcontractor infrastructure that
supports the Japanese shipyards, we too would be effective.” What is not understood,
is that Japanese shipbuilding managers worked to create nmuch of their infrastructure
and continue to work to sustain it. To them all material matters, including the systens
of their suppliers/subcontractors, are integral parts of their shipbuilding systens.

Since 1980, some U. S. shipyard managers made significant progress in applying
modern zone-oriented. i.e., product-oriented, manufacturing methods. The terns
“Hull Block Construction Method,” "Zone Qutfitting Method" and “Zone Painting
Method” now have meaning in a number of shipyards even for conversion and
overhaul work and for building end products other than ships. Earlier publications
stressed dependence of such nethods on integrating production engineering and
design along product lines. This publication enphasizes dependence on a way of
thinking about material matters that transcends traditional boundaries in order to
integrate just-in-time procurement with specific build strategies. Benefits are mani-
fest in fewer disruptions caused by late deliveries, less surplus, |ess requirement for
warehousing and |ower material prices.

Traditionalists discount the notion of just-in-time and strive for material deliveries
as early as possible hecause some customers, particularly for naval ships, provide
substantial amounts of material and/or make progress paynents when shipbuil der
furnished materials are received. The result is that for some ships, financing costs are
already equivalent to labor costs and for naval ships, financing costs to governments
are extraordinary. Traditional material management, not being product oriented,
cannot be adequately integrated with zone-oriented design and production activities.

The descriptions herein are based on devel opnents by |shikawajima-Harima Heavy
Industries (IH) of Japan which regards material procurement as an essential function
of a total production process and design engineers integrating with production
engineers as the nucleus around which other shipyard departments, material suppliers
and subcontractors, provide services.
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1.0 | NTRODUCTI ON

1.1 Background and Cbjectives

In the nost effective shipyards, the
material cost for building a conmercial
ship is now 60 to 70% of the total
cost, depending upon conplexity and
sophi stication of the ship's structure
and systenms. lronically, material costs
are proportionally greater for very
productive shipbuilders as their |abor
costs are relatively low. Thus, as
further reductions in |abor man-hours
becone nore and nore difficult, produc-
tive shipbuilders apply greater enpha-
sis on material managenent as a neans
to stay conpetitive.

Processes enployed by traditionalists
| eading to delivery of nmaterials to
production sites, consume nore tine
than is necessary and are inefficient.
As a consequence, traditional ship-
builders suffer a great deal in mate-
rial managenent. Major problens ob-
served are:

o preparation of purchase order
specifications (POS) is too slow,

o vendors require relatively long
durations for bidding,

o vendor furnished information (VFI)
is either late or insufficient to
support timely design devel opnent,

o relatively long lead times are
required for material deliveries,

o promised delivery dates are not
reliable enough, and

o insufficient use of standards
requires extraordinary dependence
on POS preparation.

Traditional shipbuilders need nore
time between contract award and ship
delivery, nore tinme for design, nore
margins in stock quantity or storage
time, etc. all of which increase a
ship's cost.

Further, traditionalists mre fre-
quently encounter disruptions in plan-
ned work due to late material arrivals.
The adverse impacts of such disruptions
on an inmmediate shipbuilding project
are generally recognized. Mre serious-
l'y, such disruptions force shipbuilders
to react to circunstances and cost
returns do not reflect normal perform
ance of work. Wthout know edge of how
work processes normally perform pro-
duction control becones |neffectual and
achieving a constantly inproving ship-
building system as wth statistical
control methods, is inpossible.

In Japan, one major shipbuilding firm
routinely orders about 70% of the total
material for a ship when only 30% of
t he desié]n is complete. Normally, all
long-lead tinme machinery and equi pment
are ordered within a couple of weeks
after contract award. Engineering
starts imediately as virtually all
VFI, nost pre-approved, are on hand
even before purchase orders are issued.
As a consequence, virtually all nate-
rials are delivered per schedules to
designated sites. Such deliveries are
crucial for reducing contract-to-
delivery time, reducing required stor-
age area, achieving normal performance
of work, etc. Al can only be realized
by a well organized naterial managenent
system

In the U.S., shipbuilders started in
1980 to gradually shift from tradition-
al systemoriented to nodern zone-
oriented, i.e., product-oriented, ship-
bui I ding nethods patterned after those
applied by the nost effective ship-
builders in Japan. As of early 1985, a
few U S. shipbuilders began to adopt
product organi zati ons as adopted by
some other U'S Tndustries and the
Japanese shipbuilding industry during
the two decades enconpassing 1950 to
1970. [1]

[1] Richard P. Rumelt, Strategy, Structure and Economic Performance, Division of Research, Harvard

Busi ness School, Boston, 1974, p.



~As conpared to a functional organiza-
tion, in a product organization people
identify with all aspects of their
articular product. For exanple in a
ull construction departnment, shops
seBarater address parts fabrication,
sub- bl ock assembly, block assenbly and
hull erection. Simlarly, in an outfit-
ting departnent separate shops address
fabrication work for producing pipe

pi eces and assenbly work for machi nery
spaces, assenbly work for accomodation
spaces, assenbly work for weapons
spaces, etc. Were nost effective, bud-
geting and planning of all resources
especially material, is on a profit
basis as each such organization is
operated nore like a separate business
A product manager works to achieve
coordi nation across functions instead
of being parochially focused on one
function. [2]

For such transitions from functiona
to product organizations, material man-
agerment is a stunmbling block unless it
t oo becomes product oriented. Thus, the
primary objective of this publication
Is to provide guidance for all who
participate in material mnagenent,
I.e., top managers and peopl e invol ved
in planning including design and sched-
uIin? as well as those immediately
involved in procurenent, material con-
trol, warehousing, etc. The need for
top managers to conprehend the inpor-
tance of material managenment and pro-
vide a viable system and organi zation
to ﬁssure smoot h i npl enentation, is
vital.

Material managenent as used in this
publication means the activities in-
cluding naterial planning, schedule
control, contracting for procurenent,
expedi ting, warehousing, palletizing
distribution of pallets to production
sites, cost control and feedback to
coat centers

1.2 Approach

In order to identify naterial nanage-
ment probl ems experienced by U S. ship-
buil ders, the researchers:

o distributed questionnaires to
sel ected shipbuilders and suppliers
of machinery and equi prent, and

o to further develop information so
received, mmde visits to severa
shi pyar ds

Thus, this publication which is based
upon the material managenent system
for zone-oriented, integrated hull con-
struction, outfitting and painting as
performed by Ishikawajima-Harinma Heavy
Industries Co., Ltd. (IH) of Japan
also reflects some opinions and com
ments from questionnaire returns and
visits with U S shipbuilders.

1.3 Questionnaires and Answers

Questionnaires were enployed. Their
objective was to conpile and statisti-
cally analyze information on the na-
tures or substances of troubles, quan-
titatively and qualitatively. They were
distributed to thirteen shipyards and
forty suppliers of whomonly three
ship¥ards and twel ve suppl ers respond-
ed. Three additional responses were re-
ceived as a consequence of researchers
visits to shipyards

The number of responses do not con-
stitute a solid and reliable baais for
statistical analysis. Therefore the
results, Appendices A, B, C and D, are
not exactly representative. However
they do give sone indication of what
seens to be the problems. As expected
problens raised by the shipyards pro-
vide interesting contradictions to
those identified by suppliers.

1.4 The | nportance of Materia
Managenent

Mat eri al nmanagenent for a specific
shi pbuil ding project is a process that
actual ly begins as part of pre-contract
negotiation of technical matters.

I't inmpacts on contract draw ngs and
specifications. Functional, transition
and work-instruction designers partici-
pate very actively and the process
continues through delivery of materia
to production sites. Thus, naterial
procurenment is only part of materia
managenent and for” product-oriented

shi pbui | di ng systems, purchasing people
must maintain close ties with design
and production people to an unprece-
dented degree. [3]

To facilitate such concert of effort
the noat effective shipbuil ders assign-
ed their purchasing department to
production control managers. Thus, in
each of their shipyards, nan-hour and
mat eri al budgeting, schedulin% and ma-
terial control including purchasing and
delivery of materials to production
sites, are all coordinated by a produc-
tion control manager who reports di-
rectly to the top manager.

[2] Richard L. Daft, Organization Theory and Design, Wst Publishing Co., N.Y., 1983, p. 231

3] See “Pre-Contract Negotiation of Technical Matters -

esear ch Program ( NSRP).

Decenber 1984”, National Shipbuilding




As nentioned at the outset, the cost

of material accounts for 60 to 70% of a

ship's total cost. Needless to say,
material is the most significant cost
factor. Al'so, many shipyard function-
aries do not reallze that material
costs include costs due to redundant
stock, excessive storage time and | ost
production man-hours caused by late VFI
and material deliveries which forces a
shipyard to quote higher prices and
become |ess conpetitive. Thus, naterial
managenment responsibilities include
reducing related costs as well as cost
per item when purchasing.

In order to achieve such reductions,
support from design and production is
essential. Designers must provide ac-
curate specifications and quantities of
materials required, tinely enough to
permt buyers to negotiate and conclude
contracts with vendors within |ead
times needed for deliveries. Production
peopl e must provide exact dates that
materials are required at production
sites so that conprehensive procurenent
schedul es which nmininize related costs
can be devi sed.

Qobviously, material managenent is not
as easy as it may seem As shipbuilders
increase productivity, financing costs
approach |abor costs. Thus shipbuil ders
have to rely more on ninimzing the
duration between contract award and
ship delivery while insuring that ex-
pensive materials do not arrive any
earlier than is necessary as neans for
conpeting with other increasingly ef-
fective shipyards.

Requiring just-in-tinme material de-
liveries creates greater need for pre-
cise control of a procurenent schedul e
on a daily basis. Mterial managenent
assumes nore responsibility because
materials delivered early increase fi-
nancing costs and a single item that
does not conform with a specification
or is delivered late, can seriousl
disrupt a production schedule. Wthout
exaggeration, in a nodern shipbuilding
system the material nmnager having
control of schedules inposed on ven-
dore, has to be involved in design and
Broductlon scheduling so that all may
e carefully integrated.

Material managenent is also difficult
because the |owest overall costs are
not achieved by always buying from
| owest bidders. As mentioned before,
mai ntai ning mninum stock and/or stor-
age time also lowers costs. Disregard-
|ng certain concerns in favor of low
bids, e.g., delivery dependability,
quality, performance and reliability,
and after-sales service, could be dis-
astrous. [4]

Another significant material nanage-
ment responsibility is to make effec-
tive use of available funds by consid-
ering all influences on a ship's net
cost. For exanple, efficient material
managers consi der:

o make or buy, i.e., procuring raw
materials and using other shipyard
resources to manufacture products
i n-house as conpared to buying
conpl eted products from vendors or
subcontractors.

o specul ative buying anticipating
price fluctuations such as for
non-ferrous metal products,

o adjustments in paynent ternms to
vendors based on fund incone flow,
market interest rates, etc., and

o bal ance of cash inflow and outflow
to avoid deficits in cash flow

Qoviously, material managenent per
se, not just purchasing, plays an im

portant role in controlling material
costs. Close collaboration of naterial
managers with design, production con-
trol, production and financing nanagers
is essential in order to consolidate
the various requirenents which nust be
incorporated in purchase orders to
vendors and subcontractors. Beyond a
shadow of a doubt, material managenent
includes |eadership for establishi n% a
procurenent policy which benefits the
entire conpany and dism sses easy pro-
cedures devised to provide convenience
nmerely for purchasing.

[4 W Edwards Deming, a forenpst advocate of statistical control nethods and known as the father of
productivity in Japan, advises that for Productlwty purposes, traditional manufacturers nust learn to
0

deal with a significantly fewer nunber

suppliers.



Peopl e assi?ned to material nanage-
ment, especially those directly in-

vol ved in purchasing and/ or subcon-
tracting to outside sources, need pa-
tience and faith as well as ability
because their duties are many fold
e.g., coordination of different re-

qui renents, investigations of market
prices, vendors' quality and states of
affairs and negotiations with inside
and outside personnel. These activities
are quite time consunming and, above
all, ‘involve transactions of huge a-
nmount s of noney which significantly
affect a ship's cost.

In order to alleviate such burdens
particularly on procurement staffs,
seeking solutions by inprovenents in
mat eri al managenent systenms is far nore
effective than relying on inprovenents
in functionaries, such as that gained
through long experience. For exanple
in order to reduce time requirements, a
Brocurenent system coul d be sinplified

y adopting vendors' catal og products
that are pre-approved and enpl oyed as
standards. In addition, inprovenments in
materi al managenent systens are obtain-
ed by conputerizing repetitive work
data storage, scheduling and control
etc. Also, costs are "pre-controlled"
by allocating and subal | ocating budgets
to individual shipyard organizations so
that they can evaluate and self-contro
their material requirenents based upon
feedback from purchasing.

Mat erial managenent's final responsi-
bility is to palletize the materials
required for each work package and
deliver the material so grouped to a
specific work site on a designated
date. This may seemrather uni que as
nost traditional shipyards assign such
processing to the various production
shops. Having all facets of material
handl i ng under one control is far nore
effective as work packages require
materials fromvarious sources, inside
and outside the shipyard. Warehousi ng
peopl e are inherently better qualified
to collect, palletize and distribute
mat erial s.

As recapitulation, the responsibili-
ties of naterial nanagenent are much
broader and nore significant than tra-
ditionalists imgine. Material nanage-
ment of the highest order of efficiency
is an absol ute requirement for con-
stantly self-inproving, flexible ship-
buil ding systenms that feature inte-
grated, zone-oriented hull construc-
tion, outfitting and painting.



2.0 PRODUCT- ORI ENTED MATERI AL
MANAGEMENT AND PERI PHERAL
SYSTEMS

2.1 Features of Mddern Shipbuilding

Modern society.is often depicted g5
"high tech” or “information oriented”.
As compared to pre-Wrld War |l social
environnents, many different products
having different specifications and
configurations now inpose significant
manuf acturing challenges. |npressive
progress in managerment nethods and
facilities have made it possible to
meet such denand.

Comput er - ai ded design and nanufactur-
ing éOAD/CAM and robots represent the
trend in many nodern industries. Even
though shipbuilders are successfully
i ntroduci ng such nethodol ogies for
design and production, shipbuilding
remains inherently labor intensive rel-
ative to other endeavors. Total appli-
cation of such technologies requires
huge investments, addressing an entire
production system that private ship-
yards cannot justify. Consequently,
investments are generally limted to
specific areas that can provide maxinm
returns with great dependence on ven-
dors and subcontractors. Naturally,
focus in-house is on areas which can
maintain a high rate of operation so
that investrments will pay off in rela-
tively short periods of time. Typical
such work is hull part and pipe piece
fabrication and assenbly on-unit, on-
bl ock and on-board.

The best way to nmmintain high opera-
tion rates in-house is to increase work
volume within a given period which, in
ship production, neans being very se-
| ective concerning in-house work and
shortening construction periods by ra-
tionalizing production processes.

Shortening construction periods pro-
vides nurerous advantages beyond sav-
ings in anortizing investments. There
are also reductions in finance costs,
costs for naintenance of ships' machin-
ery, paint systens, etc., and in nmoor-
ing costs at outfitting piers. Further,
shortening construction periods re-
quires relatively longer preparation
time for design, material definition
and material procurement and al so con-
tributes to reduction of the time re-
quired between contract award and de-
l'ivery. The latter enhances sales op-
ortunities and is already an essential
actor for conpetition. [1]

The best and most economical solution
for a shipyard to meet such demand is
to break down an envisioned end product
into interim products, i.e., parts and
tiers of subassenblies, which are con-
trived to facilitate creation of larger
assenblies and which are assigned for
manufacture to the mpst specialized and
cost-effective producers, in house or
el sewhere. Such advanced shi pbuilding
is said to be product (interim product)
oriented and is primarily an assenbly
process.

or

[1J “A consortium of Japanese shipyards [ooks the likely favorite to gain a lucretive $350 mllion
er for six containerships from U S -based Sea-Land Services .

. The three-yard line-up from Japan

[ ooks fsvorite for several reasons. One is the punishing delivery schedule called for by the ngjor
U S. private operator.” Lloyd's List, December 28, 1984.

5



2.2 Qutline of Product-Oiented
Mat er1 al  Managenent

2.2.1 Relationshi Bet ween Pr oduct
Oiented Material Managenent and

Product - O1 ented Production

System

Mat eri al managenent must necessarily
be conpletely integrated wherever
product-oriented production is being
I npl enented. In other words, the objec-
tive of product-oriented naterial nan-
agenent is to procure materials for
wor k packages each of which defines
work to be acconplished to create a
specific portion of an envisioned end
product (zone), with a specific facil-
Ity such as a process |ane (problem
area) during a specific division of the
work process (stage). Thus, a product-
oriented material nmanagenent systemis
designed to just-in-time deliver mate-
rials required for work packages which
reflect both design and production
attributes and which inpose a conmon
build strategy on design, material
procurenent and production. [2]

Product -oriented production in ship-
building is a methodol ogy based upon a
product work breakdown structure (PWBS)
which conforms with the concept of
G oup Technol ogy (GI). The purpose of
GI, also called Famly Manufacturing
is to produce different products re-
quired in varying quantities, such as
parts and subassenblies needed to build
ships, in a manner so organized to
achi eve production-line benefits. GI
requires coordinated sales, design,
material procurenent and production far
beyond that achi eved by traditiona-
lists. [3]

Unl i ke system orientation, product
orientation requires:

Z contract design to be part of the
shi pbui | di ng process so that contract
draw ngs and specifications address
the building process as well as the
end product, |[4]

e designers and those who perform
nmaterial definition to regroup
i nfornmation conceived by systemto
facilitate design, into information
organi zed by zone to facilitate
production, [5] and

o division of work per a PVBS.

PWBS first divides the shipbuildin?
process into three different types o
work, hull construction, outfitting and
pai nting, because they inpose inherent-
Iy different problens. Each is then
subdivided into fabrication and assem
bly work. AlISO PWBS classifies contem
plated interi mproducts in accordance
with the resources they require, i.e.,
material, manpower, facilities and ex-
penses. Finally, PWBS classifies inter-
I'm products (parts and subassenblies)
by characterizations of both a ship
desiﬁn and a manufacturing process

whi ch are called product aspects. The
product aspects system and zone are
nmeans for dividing a ship design into
manageabl e work parcels. Area(problem
area) and stage are neans for dividing
the design, material procurenent and
production efforts.

The product aspect system is re-
t ai ned because sone work In a zone-
oriented shipyard is nore effectively
perfornmed by system e.g., identifying
all material requirements and procuring
| ong-lead naterials using systemdia-
grammatics and in production, virtually
all testing. Optinmum progress of all
work classified by zone/arealstage,
requires integration of hull construc-
tion, outfitting and painting which, in
turn, requires timely purchasing and
punctual delivery of different mate-
rials in varying quantities. Such nate-
rial managenent is essential to achieve
snooth operation of the various process
flows (ﬁroduction lines) that GI en-
abl es shipbuilders to exploit

Ef fective material managenent re-
quires full support from design so that
all necessary technical information and
requirenents are prepared in tine for
procurenment processing. Time is nost
crucial in product-oriented nanufactur-
ing systens. Design, naterial nan-
agenent and production functionaries
becone highly interdependent and nust
constant|ly communi cate with each ot her
for productivity purposes.

[2] “Materials” includes all raw and/or fabricated items such as pipe and machinery respectively

[3] See the National Shipbuilding Research Program (NSRP) publications “Product Wrk Breakdown
Structure - Revised Decenber 1982" and “Pipe Piece Famly Manufacturing - March 1982"

[4] See the NSRP publication “Pre-Contract Negotiation of Technical Matters - Decenmber 1984

15] See the NSRP publications “Integrated Hull Construction, Qutfitting and Painting - May 1983" and

Design for Zone Qutfitting - Septenber 1983"



2.2.2 Product - Ori ent ed

Manager nent

Functi ons of
Mat eri al

The major functions of material man-
agement are: material planning, pro-
curement, and distribution.

In addition, naterial managenment in-
cludee a control function which consti-
tutes one of the specialized sub-
systens for a shipbuilding process. As
for the product-oriented production
concept, managenent and control are
uni que features of the product-oriented
nat erial _managenent concept.

Z Material

identifies required materials and
associates them with contenplated
wor k packages,

-prepares requisitions,
-perforns val ue engi neering, and
-participates in planning and control

of overall material planning,
budgets, schedules and inventories.

planning is a function which:

N«

Procurement is a function which:

purchases from outside and inside
sour ces,

performs val ue engineering,
mekes payments, and

- participates in planning and
control of budgets, schedul es
and inventories.

o Distribution is a function which:

receives and stores material.

- does field expediting,

- palletizes and issues materials,

- trgmsports materials to work sites,
an

- participates in planning and
control of schedul es.

The principle and subordinate func-
tions of product-oriented naterial

managenent are shown in[Figure 2-1. |

FUNCTI ONS PLAN SEE DO
Z General material Z ship's material
Pl anni ng Pl anni ng
Mat eri al * Budget control . fRequi sit ihon. maki ng
Pl anni ng or purchasing
* Schedul e control
* Val ue Engineering
e Inventory control
* Budget control * Purchasing
* Schedul e control o CQutside manufactur-
Procur enent i ng
Val ue Engi neering
* Inside manufactur-
I nventory control i ng
7 Paynent
* Schedul e control Z Receipt and keeping
Distribution Z Field expediting
Z Palletizing/issue
Z Transportation
FIGURE 2-1: Functions of Product-Oriented Material Managenent.



2.3 Qutline of Material Planning

Material planning is actually the
first stage of requisitioning, i.e., it
is preparation for Procurenent. In
general, material planning identifies
material required (types, quality),
quantities, delivery tinmes, delivery
sites, and establishes a standard nate-
rial procurenent plan for each ship
éjob) number. The design and production

epartnents have major roles in such
activity.

Mat eri al ﬁlanning is, broadly
speaki ng, the backbone of a product-
oriented material nmanagenent system as
it establishes basic policies for nate-
rial selection, such as mterial group-
ing (classification), standardization
application, etc. These policies are
nost inportant in pursuing product-
oriented concepts as any misdirection
will seriously affect devel opment of an
effective material managenent system

2.3.1 Analysis of Material
Classification

If interimproducts are relatively
simple, material planning, which iden-
tifies a work breakdown and specific
material |ists per zone/arealstage, can
be acconplished quite easily and early
enough to allow anple time for procure-
nment, palletizing and delivery to work
sites per the production schedul e.
However, shi pbuilding invol ves nany
conpl ex interimproducts and relatively
short durations between contract awards
and ship deliveries. Follow ng the sane
nmaterial planning procedures as for
relatively sinple end products is im
practical.

The solution enploys a material clas-
sification schenme, devised by anal yzing
the nature of items to be procured
which alleviates the initial design
wor kl oad wi t hout negative affect on
timely deliveries to production. Mate-
rials are classified so that designers
i nvolved in naterial planning (identi-
fication of function, qualit% and quan-
tity) work in accordance with a prior-
ity sequence which first addresses
i mmi nent requirenents and defers nate-
rial planning for zonel/arealstage work
packages that are not required by pro-
duction until later. In other words
nmaterial planning is sequenced to anti -
cipate the build strategy which will be
empl oyed in production. Tine allowed
for design, particularly during crucial
early design phases, is nore wsely
enmpl oyed.

The schene categorizes naterials as:
al located, stock, and allocated stock.
The material planning process is cate-
gorized to correspond.

The objective of such categorizations
is to focus on the extent that quantity
accuracy, specification conprehension
and other technical information are
required in order to place an order.

2.3.2 Material Control C assifications

~As described in the foregoing, mate-
rials are categorized as allocated

stock and allocated stock.

Al located materials (A), sonetines
called direct materials, are those
which are ordered for a specific re-
quirenent in a specific ship (min
engine, steering engine, etc.) and
which require utnost attention from
desi gn, purchasing and production plan-
ning functionaries.

Stock materials (S), sonetines called
runni ng-stock or bin naterials, are
automatically repleni shed when stock
| evel s reach predeternined quantities
which trigger reorders. The triggering
quantities and the anmounts reordered
are based upon past supply/demand rec-
ords. S materials do not require nate-
rial planning during design and produc-
tion engineering. Exanples are nuts,
bolts, pipe flanges, etc.

Al located stock naterials (AS), are
stock materials which are defined as a
consequence of material planning during
desi gn engi neering. The concepts for A
and S materials are conbined so that as
specific needs are defined, AS mate-
rials are ordered periodically with
both quantity and delivery-tine nargins
determ ned by experience. This apEroach
mai ntains a sufficient stock for known
and contingent requirenments pending re-
orders in response to further naterial
definition. Stock for each ASitemis
control |l ed by periodically nonitoring
avail able supply, new requisitions

endi ng deliveries and pendi ng issues
or all building projects underway. The
guantity margin is carefully adjusted

uring each periodic review so that no
surplus remains after the last require-
ment is fulfilled. Exanples of AS nate-
rials are large val ves, expansion
joints, etc., which are mpstly standard
naterials and rel atively expensive com
pared to S materials. [6]

[6] The concept for AS material is also referred to as the “Fixed Tinme Review Systeni or “Net
Requi rements” as described in Chapter 4 - Inventory and Managenent Control, H B. Mynard s Industrial

Engi neering Handbook



2.3.3 Material Standardi zation

Cbvi ously, standardization of design,
procurenent and production are effec-
tive means to reduce costs, inprove
quality, shorten lead times for pur-
chasing and enhance producibility.
Standardi zation is a prerequisite for
effective product-oriented naterial
managenent. Al so, the use of vendors'
catalog items as shipyard standards,
with preapproved functional perform
ances and costs, saves critical design
time, expedites purchasing and pernits
efficient use of stock material.

Standards require the selection of
good quality materials to insure that
they are acceptable to owners. Vendor
catalog itenms that are declared to be
shipyard standards nust be constantly
conpared to new products. The use of
aval l abl e products as standards should
be a basic policy. In-house design and
production of products is al nost always
significantly nore expensive.

There should be two or three vendor's
catalog items in a shipyard' s standards
file for each functional requirenent.
This insures conpetition for obtaining
the beat prices and delivery commt-
ments. Note should be nmade that the two
or three vendors' products declared as
standards for the same requirenent,
nust be functionally equivalent and do
not have to be, nor can they be expect-
ed to be, physically identical.

Sometimes, there is only one vendor’s
product that can qualify as a shipyard
standard for a specific function. For
such cases, buyers should enploy |ong-
term contract agreements, perhaps even
including escalation clauses, as neans
to avoid unfavorable terms when pro-
curement is inmnent.

2.3.4 Determnation of "Make" or "Buy"

The trend in nodern, constantly self-
devel opi ng shipbuilding systems is to
only collect and assenble conponents
whi ch meet functional and quality re-
quirerments. In other words, the trend
is to provide nore value added in plan-
ning, including design, as neans to
enhance productivity by speeding up
assenbly work. Thus with few excep-
tions, e.g., parts for hull structure
and pipe pieces required in vast quan-
tities, subcontracting for the manu-
facturing of conponents from outside
Bources is alnost always far nore pro-
ductive than manufacturing them in-
house. Instead of spending significant
capital resources to manufacture nu-
Merous conponents in-house, investing
nmore in design, production engineering
and procurenent functions to efficient-
|y purchase such conponents, is better
busi ness sense.

2.3.5 Role of Designers in Mterial
Pl anni ng

A mejor objective is to develop a
design featuring parts and subassem
blies which facilitate assenbly in
accordance with a product-oriented
build strategy devised by production
engi neers. Thus, any proposal for mini-
mzing costs after the design effort is
likely to be very linmted.

The role of designers in mterial
procurenent is especially significant
as material costs, for the nost part,
are directly related to the material
specifications they prepare. In prepar-
ing such specifications, designers ana-
lyze owners' requirements and establish
needed functional performances, quality
level s and quantities. Accordingly, de-
signers nust maintain awareness of
their affect on nmaterial costs when
they participate in material planning.
Starting in basic design, i.e., as part
of pre-contract negotiation of techni-
cal matters before contract award,
val ue engineering should be routine in
all design phases.

The tendency of some ship designers
to pursue highly technical or sophisti-
cated features only because they are a
matter of personal interest has to be
resisted. They nust be focused on de-
vel oping a design which is producible
as well as conpatible with state-of-
the-art nodern technol ogy.

2.4 Val ue Engi neering

2.4.1 Value Engineering in Design

Val ue engineering (VE), synonynous
with value analysis or value inprove-
ment, was first applied mainly in pur-
chasing to evaluate the qualitative
value of existing products. Later, VE
was expanded to design and el sewhere
for evaluating new products.

By examining a ship as a whole during
basic design, it is possible to enploy
VE for devising the nost cost effec-
tive, production-oriented methods with-
out sacrificing any owner specified
functional requirements. Extending the
same VE approach to functional and
work-instruction design stages, makes
possi bl e considerable savings in both
material and production costs.

Design is the only function in a
shi pyard organization that can evaluate
the value of a product from both tech-
nol ogi cal and econonical aspects. Thus,
design plays the nost inportant part in
reducing a ship's cost.



2.4.2 Value Engineering in Mteria

Procur enent

Al most always, material costs account
for the major portion of a ship's cost.
Therefore, particularly for shipyards
whi ch have perfected zone-oriented,
integrated hull construction, outfit-
ting and painting harnoni zed by statis-
tical control nethods, the greatest
cost reduction opportunities which re-
main are associated with material man-
agenent .

Si nply demanding price cuts from
vendors without some sort of conpensa-
tion, is illogical. Instead, buyers
shoul d apply VE neasures whi ch woul d
detect vendor proposals that are priced
attractively, but which could be re-
duced further in cost by elimnating
vendor work for features or levels of
qual ity which exceed a PCS.

Anot her way for buyers to achieve the
sanme objective is to-encourage vendors
to propose their normally produced
products insofar as they satisfy PCS
requirenents. This gives vendors the
opportunity to quote their nost conpe-
titive prices.

Cost

Yard Design & Material
[Procurement joH

./
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2.4.3 Value Engineering in ther Areas

VE can be effectively applied in
areas, other than design and materi al
procurenent, such as material distribu-
tion and production. For exanple, an
anal ysis to determ ne whether to assem
ble a certain group of fittings on-
unit, on-block or on-board, would have
to take into account costs for trans-
portation of conpleted assenblies ver-
sus transporting separate fittings. The
former, usually nore productive, may
require tenporary reinforcement while
the latter does not.

shows typicallﬁ, t hat
initral or basic designers have nost
affect on a ship's cost, about 60%
while at the sane time the cost of
their efforts accounts for no nore than
3% of incurred direct costs. The same
figure shows that all design phases
conbined with material procurenent
activity affects 85%of a ship's cost
whil e such efforts account for approxi-
mately 10% of incurred direct costs.
Qobviously, the efforts of design engi-
neers are the nost significant and
deci si ve.

FIGURE 2-2: Responsibility for
Determination of Cost

vs. Incurred Cost.

Production & Cthers



MATERIAL BUDGET/PROFIT CONTROL
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2.5 Profit Control in Procurenent

The objective of material procurenent
to acquire material in time and within
an assigned budget is generally under-
st ood. st buyers believe they have
fulfilled their responsibilities when
that objective has been achieved. How
ever, from a nodern nanager's viewpoint
each procurement activity is a cost
center and an assigned budget is a
yardstick to determne the amunt of
BVOfit generated by each such activit)é.
rofits so identified are controlled hy
managenent .

Another way to |ower procurenent
costs is for mmnagenent to assign tar-
get prices. However, this approach
creates enotional problens between man-
agenent and buying staffs when the
targets are too severe and al so anong
the buying staffs who try to outdo each
other. Letting the buying staffs set
their own price targets and relying
nmore on VE is preferable as it provides
nore incentive. A suggested naterial
budget /profjit control sheet is shown in
Figure 2-3.

Such budgets are established in order
to attain two objectives, control of
material quantities and control of
material costs. The former is applied
in design and production for the pur-
pose of regulating actual expenditures
as conpared to preplanned quantities or
wei ghts. The latter is applied in nate-
rial procurement for regulating actual
prices as conpared to budgeted prices.

The format used to control budgeted
material amounts during basic design is
called the Basic Mterial List (BM)
from which a Material Budget Control
List, complete with pricing, 1s devel-

oped A typical such list is shown in
Figure 2-4.

Material Budget/Profit

Control Sheet
per Buyer.

FIGURE 2-3:



MATERIAL BUDGET CONTROL LIST

P.

(12/30)

Name

rParticulars [Q't

L3

Net |[Gross
Weightiteight

Price

Remarks

Accommodation

STD Material

2801 Steel

2807 Galv. Steel Plate

" Steel Wire

2808 Insulator

2809 Miscellaneous

Sum

2821 Window

2822 side Scuttle

" Outer Cover

Clear View
Screen

N

FIGURE 2-4:

\__//

Example of a Material Budget Control List.




3.0 SUBCONTRACTI NG FOR MANUFACTURE
CF FITTI NGS

3.1 Separating Manufacture of Fittings

from Shipyard Process Lanes

Most items required for
are made of steel.
yards, because they have resources for
producing steel hull parts and assem
blies continue to manufacture nany
fittings even though they are not
suited to do so. Qher than c?i pe
pieces, fittings are required in a wde
variety with insufficient quantities of
nost types to effectively enploy GT
Anot her exception applies to very large
outfit-intensive ships, such as air-
craft carriers, which have sufficient
requirenents for effective famly manu-

outfitting
Traditional ship-

best

facturing of ventilation-duct pieces,
pi pe supports, etc.
A manufacturing system for a wde nmx

of products required in varying but
smal | quantities, is necessarily dif-
ferent from one which can exploit GI.
Design, material managenent, production
and production control approaches are
different. Thus, attenpting to manufac-
ture nost fittings on process |anes
dedi cated for hull-block construction
and pipe piece famly manufacturing, is
illogical. The consequences are de-
creased productivity in all manufac-
turing processes.

The best Wa% to avoid such losses is
to separate the manufacture of the
various fittins from a shipyard s main
ﬁrocess flows production lines) for
ull block construction and pipe-piece
fami |y nmanufacture by assigning such
fitting manufacture to a separate pro-
duction organization or subcontractor.
As independent entities they can apply
i ndependent cost structures and control
procedures. Al so, they could solicit
orders from other sources so that they,
particularly subcontractors, could or-
?_ani_ze process flows per GI logic. As
ittings for different customers would
be nmixed during their manufacture for
the enhancement of productivity, space
and other resources would be required
to palletize fittings in accordance
with each customer's instructions.
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Even when such fittings are manufac-
tured by an independent organization
within a shipyard, they should be ac-
cepted by the warehouse people assigned
to receivals just as if the fittings
were arriving fromoutside. For expe-
diting or handling purposes, fittings
manuf actured within the shipyard coul d
be routed directly to an assenbly shop
as part of a designated pallet. How
ever, their receipt by the warehouse
and custody transfer to the assenbly
shop should be just as official as if
thgy were fittings received from out-
si de.

Because of peculiarities in the con-
text of GI, there should be general
recognition that the nanufacture of
fittings, except for pipe pieces, do
not norrrall¥ fit into a shipyard's
production lines. In order to achieve
zone oriented, integrated hull con-
struction, outfitting and painting,
har noni zed and nade constantly self-
devel opi ng through statistical control
nmet hods, there can be no extraneous
i nfluences such as job-shop manufacture
of certain fittings.

3.2 Use of Subcontractors

3.2.1 Definitions

Subcontract is sometines used as a
synonym for purchase order as both
identify an arrangement between a ship-
builder and a supplier of naterials or
| abor as that between a contractor
(master) and subcontractor (subordi-
nate) respectively. However, in ship-
building there is general acceptance
that subcontracting, as used in this
publication, is different from purchas-
Ing as follows:




Z Purchasing means buying mill products

3.2.2 Mbtives for

different,
and | abor agreenents,
Fontractlng differ
or

(steel plate, structural beans, pipe
etc.) or products that typical ship-
yards cannot concei vably produce
(engi nes, punps, valves, etc.). Sub-
contracting means buying | abor ser-
vi ces (man-hours) for nmanufacturing
work (ladders, wal kways, tanks, etc.)
that a shipyard conceilvably coul d
produce but elects to defer to an
out si de source for economic or work-
| oad reasons.

Purchasi ng al so neans buying a prod-
uct for which design is controlled by
its manufacturer. Subcontractin? al so
nmeans that a shipbuilder is fully
responsi bl e for engineering and for
Providing subcontractors wth nanu-
acturing draw ngs. Subcontractors
are only responsible for nanufactur-
ing, workmanship and on-time deliver-
i es.

Subcontracting

As each shipyard' s circunstances are
e.g., geographical |ocations
notives for sub-

_ The main notives
subcontracting are:

Cost Reduction - Lower costs result
when enpl oying a subcontractor who
has extraordinary expertise (galva-

nizing, plastic coating, assenmbling a
boiler, etc.) or has |ow overhead due
to a small business structure rela-

tive to that of a shipyard.

Work Force Modul ation - Sone ship-
yards which cannot lay off enpl oyees
such as due to long-term|labor con-
tracts, choose to maintain a m ninmm
work force commensurate with | owest
operating levels. Wen workloads in-
crease, conpensation is effected by
subcontracting for |abor accordingly.

Managenent Policy - Another inportant
nmotive for subcontracting, the nost
fundamental, results fromtop nanage-
ment policy for operating a shipyard
One managenent policy, still applied
in sone shipyards, is to manufacture
all fittings in-house as neans for
increasing profit by increasing the
shipyard's total output. The approach
is based upon the theory that profit
can be increased by increasing in-
house capital expenditures rather

t han spendi ng nnne% on outside
sources. However this policy is dif-
ficult to naintain where |abor wages
and productivity and versatility of
crafts cannot be sufficiently con-
trolled.
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A different top management policy
Breferred by the nost effective ship-

ui | ders and now domi nating the indus-
try, maximzes profits by mininizing
operating resources. This preferred ap-
proach is characterized by nore invest-
ment in functions before production
e.g. production engineering, design and
mat eri al managenent includi ng subcon-
tracting, and by highly efficient in-
house production which is predom nantly
assenbly work

What ever the notive, the overriding
obj ective of subcontracting should be
to free shipyard managenment and | abor
to concentrate on constant devel opment
of zone oriented, integrated hull con-
struction, outfitting and painting on
process flows that are organized in
accordance with GI. The in-house manu-
facture of extraneous fittings requir-

ing a job-shop approach, is a signifi-
cant inpedinent.
3.2.3 In-House vs. Subcontractor

Manuf act uri ng

As shipyards differ from each other
in many characteristics, there are no
common rul es for determ ning nake or
buy, i.e., manufacture in-house or by a
subcontractor. However, discounting
materials that are nornally avail able
fromsuppliers, the followng three
classifications offer sone guidance

« Always manufacture in-house:

- products of different designs re-
quired in varying quantities but
none-t he-less | arge enough tota
quantities for effective manufacture
by the application of GI, e.g.
structural parts, subassenblies and
assenblies and pipe pieces

products of such sizes and/or_
wei ghts for which transportation
from outside is not practical

+ Sonmetinmes performin-house and sone-
times assign to a subcontractor

work normal |y assigned to a subcon-
tractor who 1s already |oaded to
capacity and assignment to an alter-
nate subcontractor is not practical

manuf act ure of ﬁroducts required in
quantities which exceed the ship-
yard' s capacity,

- manufacture of products normally
assigned to a subcontractor whose
reliability becones uncertain

- work of such nature that sharing of
inherent risks is prudent;



Z always assign to a subcontractor

speci alized work for which the ship-
yard does not have facilities or
technol ogy (even when such subcon-
tractors cause quality or delivery
probl ems, subcontracting to them but
with increased shipbuilder surveil-
l'ance is advisable),

some work on a regular basis when
there is to be continued dependence
on subcontractors to absorb fluctu-
ating portions of the shipyard's
wor kI oad.

15



4.0 BASIC POLI CY FOR TRANSACTI ONS
W TH SUPPLI ERS

Ceneral |y, buyers' markets al nost
al ways exist. Ooviously, amable rela-
tionships cannot be maintained if buy-
ers enploy such advantage to force
acceptance of price cuts or other
stringent contractural penalties wth-
out conpensating sellers. A proper
transaction always involves bargaining
with each side trying to get a good
deal . Al though responsible to obtain
the cheapest price, a buyer should also
address how a vendor can conpensate. A
shi pyard’ s purchasing agent nust con-
sider give and take as a basic Policy
in order to maintain good |ong-term
relationships with suppliers.

Effective material managenent re-

quires

* Providing vendors with sufficient
lead time to make their design, mate-
rial and production preparations. In
case required delivery tines or quan-
tities are not yet finalized and a
shi pyard places an order based on an
estimated total quantity and esti-
mated anobunts needed by certain
dates, as for AS materials and in
effect a mll reservation, the buyer
should ensure that the supplier
clearly understands beforehand that
the intial order is to allow the
supplier to make tinely preparations
And, as the ship's detail design is
devel oped, the shipyard will issue
purchase order anmendments which wll
exactly define quantities and deliv-
ery dates. Further, the shipyard
should insure that the initial pur-
chase order contains estimtes that
permt subsequent revisions which
al most always grant a little nore
time for the supplier to perform
Also, the shipyard should apply high
priority effort to finalize such
Initial purchase orders before dead-
lines required by vendors.
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+ Selection of standard products or
designs in lieu of custom produced
products to avoid disturbances to
suppliers' process flows, to mininmze
lead tines, and to enhance reliabil-
ity of vendor performances

° Enploying | ong-term agreenents for
future business. Both parties benefit
from an agreenment to purchase certain
quantities at fixed prices during a
specified period. Such agreenents
enabl e
-shi?yard pre-approval of vendors
catal og products,

-vendor pre-assessment of a ship-
yard's non-technical terms and con-
ditions,
-pre-approval of vendor draw ngs
-routine exchanges of information
(e.g., concerning design changes
roduct performances and production
ead times) which help shipyard
design and production people to
update their files

-expedi tious issuing of requests for
proposals which are brief, often one
sheet, and nodels of clarity,

-expedi tious issuing of purchase or-
ders which are also brief, often one
sheet, and nodels of clarity,

°conmitting to large volune orders
Such as for AS materials, instead of
buyi ng pi ece by piece.



4.1 Lead Tine for Vendors

Generally traditional shipbuilders

tend to squeeze vendors' production

eriods to conpensate for del ays caused
y in-house production engineering,
desi gn and purchasi ng processes. Al-

t hough forcing a vendor to make up | ost
time is sometinmes possible, usually the
consequence is confusion in a vendor’s
production schedul e, increased vendor
production costs and even degradation
In product quality. O course when such
Brpblens are encountered, those ship-

ui | ders who have very limted outl ook
focus only on the the vendor's obliga-
tion to neet a contractural delivery
date and quality specified wthout
renenbering that the vendor was coerced
into cutting production tinme. Eventual -
Iy, this kind of one-sided sacrifice
causes vendors to insist on protection
fromsuch situations as a condition for
acceptance of future purchase orders
Buyers then encounter tougher negoti a-
tion problens.

In order to avoid such conflicts
purchasi ng agents nust constantly main-
tain awareness of the normal lead tine
required for and the time needed to
concl ude a transaction for each prod-
uct. Such information should be the
basis for precise schedul es for ship-
yard Preparation of purchase order
specifications and draw ngs and produc-
tion required dates so that the |ead
ti mes needed for normal operations of
vendors' production facilities can be
preserved. In order to achieve smooth
Interaction of all prerequisite proces-
ses, a standard systemis advisable for
produci ng technical information re-
quired for procurement. In other words,
establ i shing circunstances which stinu-
| ates the consciousness of designers
for tinely Preparation of purchase
order specifications and draw ngs,
whi | e sinultaneously providing the best
known and nost accurate information, is
very inportant for maintaining needed
material quality.

4,2 Adoption of Vendors' Design
Standards and Standard Products

Wth sone exceptions, fittings for
ships are al so manufactured for |arger
non-mari ne markets. Thus, many products
which are regularly available in non-
marine nmarkets that are nodified for
marine use, are less costly and nore
qui ckly obtai nabl e than products that
are devel oped for marine use only
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O course, marine usage neans relia-
bility during continuous and | ong-term
operation in a cruel and harsh environ-
ment which entails rough wave notions
saline and noist atnospheres, strong
wi nds and ot her undesireabl e condi -
tions. The special specification re-
qui renents for withstandi ng such envi -
ronmental conditions have to be care-
fully witten.

Usual I'y, shipbuil ders know nuch nore
about marine environments and their
affects than fitting manufacturers
Theref ore, shipyard engi neers shoul d
hel p manufacturers to modify their
standard designs in order to neet mar-
ine requirenents. The resulting product
woul d be less costly and nore qui ckly
avai |l abl e than a product of new design
whi ch does not lend itself to a manu-
facturer's normal practices.

4.3 Determining Quantity and Quality

Qbvi ously, costs are mnimzed when
avail abl e stocks of materials are nini-
mzed but are yet sufficient to assure
snmoot h production process flows that
are not interrupted by material short-
ages. A general definition of "ade-
quate" is somewhat difficult because
quantity margins are often needed as a
consequence of a nunber of different
i nfluences. Such nargins nay be intend-
ed to simultaneously conpensate for
design changes, danage, |osses, etc.
Thus, margi ns shoul d be determ ned by
statistical analysis of pertinent ex-
periences in order to avoid over pur-
chasi ng.

Sone shi pyard peopl e having only
parochial concerns, tend to order tota
quantities for delivery at one tinme
regardl ess of how material issues to
production are schedul ed. The conse-
quences are requirements for nore stor-
aﬂe space and the usual increased costs
that are associated with large inven-
tories that could be prevented by pru-
dent scheduling for near just-in-time
procurenent conbined with the use of
margins as for AS materials.



Quality also greatly influences mate-
rial costs. Product quality is, predom
inantly, determned during design.
Sometimes, quality so specified exceeds
that which a client agreed to and the
result is a material budget deficit. On
the other hand, quality less than a
client’s requirement, perhaps due to a
vague POS, also causes cost increases
particularly if not discovered before a
vendor's product arrives at a shipyard.
Using statistical methods to identify
specific quality levels required and
requiring each vendor to submit statis-
tical evidence of quality as part of a
bid for a purchase order, are extrenely
ef fective neans for achieving the exact
quality desired.

Sensel essness in any aspect of mate-
rial planning, particularly during de-
sign, usually inposes a heavy toll on
purchasing costs. Needless to say, for
each material item the responsibility
of designers is to value engineer and
determine quantity and quality which
insure attainment of functional re-
qui rements and which conform with a
client's specifically stated needs.

The responsibility of material con-
trollers Is to assign material classi-
fications and to determ ne needed quan-
tity nargins per As material types
based on past experiences. The respon-
sibility of buyers is to order mate-
rials at the right time to assure
phased receivals per

production sched-
ul es.
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The common objective of everyone
involved in material managenent regard-
ing quantity and quality, is to mni-
mze costs associated with inplenenta-

tion of material management systens,
storage, financing, excess quality,
design m sjudgenents or errors, etc.

4.4 Speculation Buys

Prices for certain materials are
guite unst abl e deﬁendi ng upon market
emand and pose the question of specu-
lation buying if rises in market prices
are predicted. Such tactics are useful
for raw materials or ﬁroducts that are
common for building ships of whatever
type and size. antities of S mate-

rials, for exanple, could then be con-
sumed in relatively short periods.
However, raw materials or products

which are usually ordered and allocated
per specific ship contracts, if not
versatile enough, may end up as dead
stock. Therefore, speculation buying of
materials should be avoided unless
there are great assurances for their
use in future projects.



5.0 MAJOR FUNCTIONS OF
MATERI AL MANAGEMENT

As defined at the outset, material
managenment is different from naterial
rocurenent because it includes mate-
rial planning, control, storage and
distribution functions in addition to
procurenent. Material planning, pro-

curenent and distribution are the mjor

functions with supp s as
shown previously in|[Figure 2-1.

5.1 Material Planning

Material planning is a requisition
function which includes definition by
designers and the activation and con-
trol of procurement activities for
purchasing and receiving.

5.1.1 Duties of Designers

Material planning drastically affects

a ship's performance and production
costs as well as productivity of the
shi pbui I ding process. Basic designers

sat1sfy functional and quality require-
ments for each ship and provide a mate-

rial plan (specifications, quantities
and other necessary technical inform-
tion) which conform with a production
strategy and material budget (quantity
wi se and cost wi se). Designers provide
the necessary wherewi thal for procure-
ment sufficiently in advance to permt
orderly inplementation of procurenent
procedures and sufficient lead tines
for vendors to produce and deliver
materials per shipyard production
schedul es.
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As the design phases followi ng basic
design are inplemented, designers pro-
vide more specific requirenents for
procurenment and production in various
material |ists developed with the sup-
port of production control and naterial
control people. Basic information gen-
erated by designers for such lists
i ncl udes:

o hull nunber, i.e., the ship for which
material wll be used,

0 ship system for which material wll
be used, i.e. codes needed for esti-
mating and cost control by system

0 where and when material will be re-
quired for work, i.e., the pallet
code designating which work package
the material belongs to (as the pal-
let code identifies zonelarealstage
it satisfies the need for cost con-
trol by process flow and if necessary
by work stage within a process flow),

o material name, quality, type, class
or standard, size, etc., i.e., des-
cription expressed as a synbolized
mat erial code,

o material piece code (nunber) to iden-
tify its location on a draw ng and/or
on a material list for a work package
(pallet),

0 required quantity,

0 classification of material so as to
i ndi cate purchase for a specific ship
(A) or stock material (AS and S).



The fitting naterial

lists for which

designers are responsible are linked to

-!‘ ) 01
in[Figure 5-1 |
0 M.S -

Li st of material
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ers and are co

List (BM) in

order to deternmine material savings
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list of fittings re-

quired for a pallet, i.e., work pack-
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0 MLP - Material list required to fab-
ricate a pipe piece. Preparation of
MP is regarded as a | ater phase of
work instruction design. A conpleted
pi pe piece appears as a distinct
fitting on an MF. Thus, the MF and
M.P are said to be structured mate-

rial lists that reflect how work is
organi zed.
0 M.C - Material list required to fab-

ricate a conponent other than a pipe
piece, i.e., ladder, pipe support,
vent - duct section, etc. Inall other
respects, MLC are the same as MLP.
Through work, the various materials
on MLP and MLC become pipe pieces and
components other than pipe pieces,
i.e., interim products. which are
needed for pallets (MF) for outfit-
ting on-unit, on-block or on-board.

While naterial lists so organized
identify purposes and allocations of
materials, they do not identify re-
quired material specifications or other
techni cal information, unless standard
materials are used which can be identi-
fied by a sinple code or name useful
for retrieving information froma data
bank. Non-standard naterials require
pur chase order specifications (POS) and
itens to be produced by a subcontractor
require fabrication drawings. A
drawi ng/ POS |ist and issuance schedul e

ably for outfitting work. are necessary to control such prepara-
tions.
Design & Pr epa- ) .
Vit ratPon Kind of Material
; Conpl et ed Conponent Pi pe Piece
St age List conponent to be fabricated
Early . Raw Raw
func-I ('}/%f I\/achl&nery parts mat. Parts ",
tiona P,
desi gn system) | fittings
Lat er :
Machi nery
tfiucr)]rﬁél (for g Fittings
desi gn system) | fittings
M.F :
(for I\/achl&nery Fittings Pipe Piece
Wor ki ng wor ki ng fittinas
instruc- zone) Y
tion &
get ail
esi gn M.C & .
M_P (Mat. list for (Mat. list for
(for fab- ) fabrication : M.C) fzi,bSication :
ricating) M
FIGURE 5-1: Developing and Updating Material Lists.

22



In order to rationalize and simplify
material planning, three major points
may be derived from the foregoing and
are key elements for effective materi al
planning and rapid start up of procure-
ment activities:

o Pronmote Materials Standardization -
Regi ster raw naterials, hull parts,
fittings, nmachinery, etc. available
in the marketplace as shipyard stan-
dards so that each can be identified
for procurement by a code.

o Pronote Standardization of Fabrica-
tion Drawings - Standardize fabrica-
tion (manufacturing) draw ngs for
materials which are not available in
the marketplace, which can be used in
many type and size ships and which
are normally assigned to a subcon-
tractor for manufacture. Standardiza-
tion enables each such itemto be i-
dentified for procurement by a code.

o Maxim ze the Nunber of and Fully
Expl oit Purchase Order Specifications
(POS) for Itenms that Mist be Custom
Manufactured - Early devel opnent of
POS for non-standard naterials before
award of a shipbuilding contract, is
very effective. Wen proposed PCS are
used to clarify uncertainties about
non-standard materials during nego-
tiations with a ship owner before
contract award, procurenent for such
custom materials enjoys rapid start
up. The nost effective shipbuilders

who do so, are able to issue immedi-
ately after award of a shipbuilding
contract, 50-60% of needed POS ac-

counting for 60-70% of the non-
standard material costs.

5.1.2 Budget  Control

Qoviously, a ship cannot be conpleted
if material planning by designers re-
sults in material shortages. If, as a
safeguard from shortages, too nuch of a
margin is applied the |osses associated
with surplus material could also be
disastrous. Sinilarly, if designers are
permitted to specify material quality
whi ch exceeds requirements of the ship-
bui I ding contract specifications, |oss-
es will occur.

To avoid such overruns or .
deficits, desi %ners shoul d be assigned
material cost budgets to guide their

material planning a ies within
budget limts. [Figure 2-4 is a sanple
Budget Control hich 1s, in fact,

W

a Basic Mterial List developed earlier
by basic designers for pricing by esti-
mators as bases for predicting a ship's
contract price. The Budget Control List
is used, not only as basic data for
design but also, as the budget to be
exercised for ship production.

budget ary
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5.2 Procurenent

Procurement functions can be identi-

fied as:

0 purchasing,

0 subcontracting,

0 in-house fabricating,
o inventory control,

o material schedule control,
o profit control, and

o val ue engineering.

Al but one are generally known or
di scussed el sewhere in this publica-

tion. Material schedule control justi-
fies nmore description.
5.2.1 Schedule Control for Material
Procur ement
The mjor scheduling problem in mate-

rial procurement is associated with
finished products per manufacturers'
designs that are not stocked by sup-
pliers, i.e., punps, large valves,

swi tchboards, etc. In contrast, in-
house manufacturing can be strictly
self-controlled and production by sub-
contractors, usually short-term work,
is relatively easy for a shipyard to
manage.

In purchasing, key factors for sched-
ule control are the lead tines needed
by vendors and the delivery dates re-
quired for the shipyard' s production
effort. Definite material delivery
dates are deternined from the ship-
yard's production schedul es. However,
they are first expressed as prelinmnary
dates, roughly determned from a naster
schedul e and, as nore detailed nonthly
and weekly schedul es evolve, the dates
by which naterials are definitely re-
quired are finalized. Therefore, for
long lead-tine materials which nust be
ordered soon after award of a ship-
buil ding contract, delivery dates are
prelinminarily deternined from a hypo-
thetical production schedule.



Ship No. 1234
Keel Laying: 3/ 2/81 /—\. } D6
Launching: 6/26/81 D5 —_—
D1 D2 D D
Delivery: 10/27/81 5 3 IA
Zone Delivery Requirements Remarks
D1 12/11/80 For on-block outfitting
D2 12/11/80 " " n
D3 12/11/80 " " "
D4 3/10/81 For on-unit & on-block outfitting
D5 1/14/81 1 n n " u
D6 2/ 6/81 ] 1 1" n "
FIGURE 5-2: Material Procurenent Schedule per Material Odering Zone.

The assumed schedul e is prepared by
first dividing a contract design into

| arge zones by specialties, i.e., deck
acconodation, machinery, and electri-
cal. For warship construction, addi-

tional specialties would apply as ap-
propriate, e.g., weapons, electronics
and nuclear. In the npst effective
shipyards. the specialties exactly
mat ch the way both design and produc-
tion people are organized, i.e., not
traditional systens orcrafts but,
instead, by multidisciplined zone-
oriented groups each of which is very

by

expert in addressing both ship oper-

ating and shi pbui | di ng Prpblens i nher -

ent in one speC|aItgi his grouping of
e

people to match pro is

of GT. [1]

Abilities to achieve a comon strate-
gy for material planning and production
I's greatly enhanced. Wthin each spe-
cialty designers make big subdivisions,
3 to 7 depending on specralty and ship
size, each of which is sequenced to

ef | e he planned build strategy. See
By roughly arranging system
dr-agr amm atics, designers associate ma-

articular subdi-
visions which are called "material
ordering zones”. Al materials for the
various systenms that pass through a

m cat egori es,
an aspect

terial required with

material ordering zone are prelim -
narily schedul ed for delivery by using
the date for each zone's earliest re-
quired material item

Dates for starting purchasing activ-
ity are then determ ned by applying
required | ead tinmes in advance of
schedul ed naterial ordering zones
i.e., the hypothetical production
schedul e. The usage of naterial order-
ing zones significantly contributes to
tinely placenent of orders and receipt
of long-lead time materials and, equal -
IY important, converts the naterial
pl anni ng strategy soon after contract
award to the sane zone-oriented strate-
gy that is to be enployed in work-
Instruction design and in production
for outfitting on-unit, on-block and
on-boar d.

As both the build strategy and design
are refined through continued interac-
tion of production engineers and de-
signers organi zed by the sane special -
ty, a nore el aborate production plan
and schedul e are produced. More defini-
tive material requirenents evolve in
smal l er increnments which exactly match
requi renents for work packages per
zone/ area/stage, i.e., pallets

[1] Recognizing the futility of attenpting product (zone) orientation with traditional craft (system
organi zations in both design and production, the most effective Japanese shipbuilders changed their

organi zations in the earl

1960s. At that tine, they had to overcone the objections of traditiona-

lists. Shipbuilders elsewhere who are, in the 1980s, adopting product-oriented shipbuilding nethods
and organi zations because significant productivity inprovement is essential for survival, are encoun-

tering the same objections fromtraditionalists
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As the delivery date assigned when
ordering each long-lead tine item was
the date for the earliest-required
material itemwthin its material or-
dering zone, and since actual deliver-
ies are to be made in smaller lots, the
i mpact of schedule refinement al nost
always allows more tine. Further, as
estimated quantities are sometines spe-
cified in original purchase orders, the
i npact of design refinement may require
adjustments in quantities required.

Final material delivery dates are
assigned’ as the shipyard s production
schedule is refined. Eventually, detail
schedul es for material nmanufacturing,

i nspection, shipping, etc., are fixed
to suit the vendor's and shipyard's
schedul es.

Each buyer should insure before re-
| easing a purchase order based on esti-
mated quantities and/or a hypothetical
production schedule, as described in
t he foregoi nﬁ, that the vendor fully
understands how the shipyard's naterial
management system pernmits quick mate-
rial ordering with intention to later
i ssue purchase order amendnents for
refining both quantities required and
del i very dates.

The only thing new about the approach
described in the foregoing, is its ap-
plication for procurenent of fittings.
Traditionally, shipbuilders everywhere
use the same concept to place nmll or-
ders for approximte tonnages of struc-
tural steel to be delivered at ap-
proximate rates. As a hull design de-
vel 8ps, refined instructions are is-
sued.

5.3 Distribution
The distribution function includes:

o receipt of all materials regardl ess
of whether they were purchased, manu-

factured by subcontractors or fabri-
cated in-house,

o palletizing, and

o delivery of palleted materials to
specific production sites at
schedul ed tines.

In the shipyards that are nost ad-
vanced in zone orientation, outfit
materials are grouPed per zone/areal
stage regardless of their types and the
systens they represent. ldeally, each
such grO\L,J\EI ng is planned as a work
package wnhich requires two workers for
one workweek. The material so grouped
is an MF, i.e., a materal list of
fittings per zone/area/stage or, in
other words, a pallet. Thus, MF is the
axis around which all distribution
functions revolve. The distribution
functions are:

0 receipt and storage of materials,
o field inspection,

o Palletizing/issuing, and
0 transportation.

Materials manufactured in-house such
as parts, subassenblies and assenblies
for hull structure which are produced
on subordinate Process flows Just-in-
time to inmediately support |arger
process flows, are excluded from the
distribution function because the
supervisor responsible for a flow |ane
is also assigned responsibility to
transfer flowlane end products to the
input of the next process flow Large
quantities of pipe pieces which are
Broduced i n-house, are also excluded
ecause they are IJust as efficientl
controlled and palletized as part o
pi pe-shop operations." [2]

5.3.1 Recei pt and Storage

Recei pt and storage of materials,
recording inventories, exercising issue
control, etc., are the najor duties of
a warehouse organization. However, ma-
terials required for ships vary in size
and weight trenendously, e.g., from
huge di esel engi nes weil ghing several
hundred tons and shafts that exceed ten
nmeters in length to tiny nuts and
bolts. Consequently, different receipt
and storage systenms are required de-
pendi ng upon naterial features in order
to mnimze need for warehouse resour-
ces.

[2] “Coating and palletizing are manufacturing stages just as nuch as welding and bending ....In the
interest of overall shipbuildi ngwﬂroductwmy, pi pe shop output is groups of coated pipe pieces,

regardl ess of size and systens,

ich are required to support outfit assembly work packages organized

by zone/problem area/stage.” Pipe Piece Family Manufacturing - March 1982, NSRP, pp. 29-30.



The major expense inwarehousing is
storage costs. \Wen suppliers deliver
materials to production sites at the
exact times needed, such as in response
to the near perfectly implemented just-
in-time buying system used by Toyota
Motors in Japan, warehouse costs become
al nost nil. However, applying the sanme
sgsten1to the samedegree is not poss-
ible with | ess precisely controlled
sth production schedul es. However, the
phi [ osophy has caught on in shipbuild-
ing and nore just-in-time deliveries
are being effected.

Judi ci ous use of AS naterial classi-
fications significatly reduces both
quantities of materials to be stowed
and the durations in storage. And, huge
items, such as nain engines, boilers
and ships service generators, are al-
ready being regularly delivered by
suppliers at their required install a-
tion sites within reach of cranes for
| andi ng on board inmediately. Shipyard
storage, transportation, interest, "etc.
costs, cunulatively substantial ex-
penses, are elinmnated or significantly
reduced.

5.3.2 Instructions, Expediting, etc.
Tor On-Site Deliveries

Normal |y, naterial delivery schedul es
are controlled by people responsible
for purchasing. However, as schedul ed
ti mes approach for deliveries of mate-
rials directly to designated work
sites, transfer of delivery and re-
ceival control to a material expediter
on site is far nore effective for both
t he shipKard and supplier. Field expe-
ditors then insure availability of
space, cranes, etc. and give instruc-
tions regarding final deIiverV | oca-
tions, dates and times directly to the
suppliers. Usually, the expediters who
are responsible for ensuring delivery
of pallets to the same production
sites, are assigned responsiblities for
such final coordination with suppliers

Transfer of material delivery sched-
ule control as described in the fore-
goi ng, enhances delivery services to

roduction. In case of a delay just
efore schedul ed deIiverY of sonet hi ng,
people on site immediately involved in
receival and production preparations,
are anmong the first informed and can
take i nmedi ate counternmeasures to mini-
m ze di sturbance to production flow

5.3.3 Pal l etizing, Issuing and
Transporting

The objective of material managenent
is to deliver required materials to
production sites by work packages in
accordance with a pre-established pro-
duction strategy and schedul e. Materi al
managenent for hull construction is
rather straight forward because rel a-
tively few naterial types and work
processes are involved. In contrast,
outfit work Packages are associ at ed
with many different kinds of materia
and processes so that they require
especi al |y experienced people for de-
termining work package sizes

For ideal control of production, work
packages cl assified by zone/areal/stage
are each sized to define an amunt o
work that can be performed by a snal
group of workers In a relatively short
period. Such work packages are called
“pal l ets".

The word "pallet" is not used liter-
ally as it neans all materials required
for a work Package regardl ess of the
numbers of literal pallets, containers
and/ or separate shipments required.

As a work instruction drawing for a
Particular zone/area/stage inplies a

i xed amount of work, and since nate-
rials listed on an associated MF inply
t he same amount of work, the word "pal -
let" has the same significance for
design, material procurement and pro-
duction. Thus, "pallet"l is the informa-
tional link fromstart of design activi-
vities to conpletion of production
activities.

Through design and production engi-
neering interaction, pallets are rough-
|y envisioned at the start of contract
design and are finally definitized
during a pallet meeting attended pri-
marily by design and production people
The pallets so conceived and sequenced
per production required dates, then
constitute a pall& list. In other
words a pallet list 1s a strategic plan
whi ch coordinates diverse tactical op-
erations in design, naterial procure-
ment and production. [3]

[3] G Ginsley, the outfit plenning supervisor in Avondal e Shipyards, Inc. described a pallet |ist
as a sequence of boxes, each representing a zone/area/stage. Anytime managers wented to, theY.couId
i

[ift the lid of a specific box In order to see how design was progressing. Later they could

ft the

lid of the same box to see how material narshallin? was coming along. Afterwards they could again lift
the lid of same box and monitor the production effort. Because of this great visibility, ship-
builders are able to accurately predict the affects of change orders

26



For building a typical merchant ship, 5.4 Field Expeditor Assignnents
the pallet meeting Is held about three

months before the first pallet is ~In each IH shipyard the field expe-
needed for production. Intentionally, ditors described in Part 5.3.2, fornmer-
production is well underway while sig- 'y assigned to the discontinued Ware-
nificant pallet preparations by design house Section, are now assigned to the
and material people have yet to be material control organization which
conpl eted. Thus, an inportant produc- reports to the Production Control De-
tion control function is to nonitor all partnment. Thus, material receiving,
activities and to make the usually storing and delivery to production
required scheduling adjustments to in- sites as well as actual control, i.e.,
sure that pallet preparations always scheduling, of field work is nmore inte-
mat ch production progress. Such coordi- grated than ever before. Responsibili-
nation is vital even for the forenost ties are typically divided as follows:
shipbuilders in the world who advise,

"In Japan we have to control material Z Material Delivery Control G oup

because we cannot control peoplel” [4]
] ] ] i ssue requisitions
Thus, the nost effective shipbuilders

regard material control, specifically control delivery dates

including material procurement, as an

essential production control function. receival and inspection of naterial

For this reason, shipyards in which purchased from vendors

material procurenent |s separated from

roduction control, cannot achieve the o Mterial Handling G oup

ull potential of zone oriented, inte-

grated structural, outfitting and receival and inspection of fittings

pai nting work. [5] manuf actured by subcontractors and

storage of all materials less hull

Al though pipe pieces are listed on structural steel which is controlled

each M.F, as noted earlier their pal- directly by the Hull Construction

letization in a Pi pe shop is advisable. Depar t nent

Thus, portions of a pallet could be

di spatched to a shipyard work site from - palletizing

different sources, e.g., pipe pieces .

from the pipe shop, a large nachine Z Stock and Oaner-Furnished Material

directly from a vendor, and other mate- Control G oup

rials from a shipyard warehouse.
control of S naterial

Among outfitting materials, there are
a number of large and/or heavy itens -recei val /i ssuance of owner- and
each of which counts as a work package gover nnent - f urni shed material
by itself or may be divided into sever-
al work packages. For exanmple, assem
bling, aligning, connecting, starting
and testing a main propul sion diesel.

Such exceptions do not require an MF
and are controlled independently for
just-in-time deliveries directly to

production sites.

The conposition of pallets and their
relationships to other material |ists
are shown in|Figure 5-3.

[4] Y. Mkam, Ceneral Mnager, IH International, to L.D. Chirillo, June 1980.

[5] Starting in 1982 and with noteworthy progress, some naval shipyards are appl¥i ng product-oriented
work packages for both ship alteration and overhaul work. However, they are significantly constrained
as they nust procure nost nmaterials fromnaval supply organizations which are not part of naval

shi pyard organizations. Until that problemis overcone, the?/ will not be able to inplement nmaterial
control as an aspect of production control and devel op an effective material management system
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6.0 MATERI AL CLASSI FI CATI ON FROM THE
MATERI AL MANAGEMENT VI EWPOI NT

In order to produce something, a 6.2 Material Breakdown for Designing
manuf acturer will:

For design work which relates to

v break down the envisioned end product material planning, a material breakdown
into interim products and then devise which is also useful for obtaining key
the nmost rational process flows and paraneters for each design phase is
schedules to suit, or wll necessary. Anticipating zone-oriented

construction, the design effort is

« first devise a rational process flow usual Iy divided into basic, functional
and schedul e, and afterwards brealand, following a shift to information
down the product to suit. grouped by zone, work instruction de-

sign.

Sim lar thinking is applicable for ) _ ) o
control of materials. Materials areburing basic design, prelimnary nma-
broken down into categories considdeiireg information is developed such
the best ways to control schedulings: obasic categories, quality, quanti-
mat eri al planning, purchasing and tissuiwights, etc. of raw materials,
machi nery and equi prent needed to ful -

‘The purpose for organizing work byill a ship's specification require-
process flows each of which is subsents.
divided into work stages, is to obtain _ _ _
sharply focused parameters for wuse iburing functional design such infor-
controlling work. Ideally, the sanmtion is refined as planning progres-
parameters would be wusable for matees dbr each functional system of the
control. Although not perfect for both ship. Finally, after a transition to
purposes, a common concept contributes information grouped by zone, material
to rationalizing material control as is further defined and finalized during
wel | as inproving productivity. work instruction design, i.e., the
process for preparing working plans in
6.1 Breakdown for Conprehensive accordance with a product work break-
Production _and Material Planning down which conforns with production

] _ control requirenents.
Managers must first determ ne what

materials should be purchased, fabri- The material breakdown used in design
cated in-house and assigned to sub- engineering, basically product orient-
contractors for fabrication. Sinmultan- ed, is further categorized to suit
eously, they nust consider how all such pl anni ng for purchasing, nanmely, into
materials are to be assenbled in order materials which require and which do
to create increasingly |arger subassem not require PCS. Material which do not
blies and assenblies taking into ac- require POS are further classified into
count available resources, e.g., facil- those which require or which do not
ities, workforce size, and technical require shipyard prepared manufacturing
capabilities. Thus, make-or-buy deter- drawings and material |ists. Based upon
mnation is a basic breakdown for pro- the material breakdown so achieved,
duction, material and financial plan- suppl ementary categorizations are nmde
ni ng. to facilitate design-schedule control
and naterial planning (e.g., standard

or non-standard, long-lead time or
short-lead tine, etc.). Such categori-
zations are convenient for design ad-
mnistration and operation.
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6.3 Breakdown for Purchasi ng Control

The primary duty of buyers is to
purchase required materials for tinmely
deliveries as dictated by production

schedul es. OF mjor concern are the
total lead tine required for each nate-
rial itemand classification by |ead

tinme. Basic such classifications are
long-lead time and short-lead tine.

Sone ot her breakdowns which facili -
tate buying work address:

Z the nature of ﬁurchasi ng (e.g., nate-
rials for which a sinple purchase
order is sufficient and materials
from subcontractors who require ship-
yard engi neering assistance and/or
gui dancg),

Ne¢

the type of material

. (raw material,
machi nery, etc), and

N¢

speci al categorizations of material
based on percentages of total mate-
rial costs and naterial planning
required.

Producti on

6.4 Naterial Breakdown for

At first, production people need to
know for a particul ar prog' ect, which
materials are to be manufactured in-
house and which are to be manufactured
by subcontractors so that they may
establish their production strategy and
schedul es.

For fittings, a breakdown based upon
production's need for
times is also important. For
shi pments of large items,
mai n engine or boiler,
installation sites must be
controlled. Simlar precise
needs may also appl
are first receive at
palletizing. For whatever
vailability of work space,
ity to weather, etc.,
receive certain items at
Thus, special transportation
ments ar e necessardy. Ot her
delivered to production sites
lar transportation services
days before schedul ed work

to materials
a warehouse for
reason, a-
vul nerabil -
producti on
precise
arrange-
pal |l ets
by regu-
sever al
starts.

I n addition, in order to facilitate
replacing material lost or damaged
during production, materials are also
categorized as:

N«

t hose which can or cannot be replen-
ished from other pallets, and

NI

t hose which do or do not need spare
quantities at work sites.

6.5 Consolidation of
Material  assifications

As shown ieach shi pyard
function could justify a peculiar mate-
rial breakdown to facilitate control
during material planning and proces-
sing. By analysis of the various pre-
ferences, key elements are identified
whi ch are the basis for a common break-
down for all functions. In other words,
the key elements permt use of conmon
classification suchasA._ S and AS
whi ch are defined in Part 2.3.2.

preci se delivery
exampl e,
such as a
directly to
precisely
delivery

whi ch

must
times.

ar e
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FIGURE 6-1:

Material Breakdown.
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7.0 PROCUREMENT _TECHN
MATERI AL CLASSI FI

ES BY
71 ON

As noted previously, desiﬂners pl ay
the key role in achieving the objec-
tives of product-oriented material man-
agerment. Therefore, allowing ample tinme
for each design section to concentrate
on material planning while functioning
as a material cost center, is advis-
able. Each buying section should also
function as a material cost center.
This means tinely preparation of PCS

and other technical information by
designers so that buyers wll have
enough tinme for their negotiating acti-
vities before the start of lead tinmes
needed by vendors.

There is no doubt. Anple time for

market research and price negotiations
enhances product-oriented material man-
agement. This is particularly so for
materials which are very costly, tech-
nically quite sophisticated, required
in large quantities, etc.

Most very costly materials are dis-
cussed during pre-contract negotiations
with an owner and are defined in the
contract specifications so that they
can be ordered imediately after con-
tract award. However, sone require
specifications and quantity deternina-
tions that are dependent upon post-
contract design devel opment. As such
materials inpose significant time prob-
lens for both design and purchasi n?,
mutual |y acceptable solutions shoul'd be
devi sed.
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Dependi ng upon the t?/pe of material,
possi bl e solutions include:

Z ordering material with reservations
concerning certain features which
require further design devel opnent
and resolving the reservations in
accordance wth schedules that are
acceptable to vendors,

N«

changi n% the priority order for pre-
paring POS which may require changes
In a design section's material plan-
ning process and nmay require a re-

quest to change the build strategy,
and
Z allocating the maxinum anount of

available tine for design with just
barely enough time allocated for
Purchasi ng before the deadline calcu-
ated fromrequired lead tine.

O course, establishing all mterial
specifications and quantities during
pre-contract negotiations with a cus-
tomer is preferable. However, due to
the conplexity of ships and as nost are
custom ordered, specification of all
materials before contract award is not
a reasonable goal. However, shipbuild-
ers can make significant inroads by
having design and naterial standards
available for an owner's consideration
during pre-contract negotiations.



7.1 Purchasing and/or_Subcontracting + Category 3 - A material group which

Tor AlTocated Materials mainly requires fabrication draw ngs.
Al t hough nunerous draw ngs are re-
Al A materials are ordered per PCS quired, this group accounts for onl
and/ or manufacturing draw ngs I ncluding a smal | percentage of total materia
heir materjal lists. As shown in cost. Per the nunber of
a major portion of material drawings required is nhore than 50% of
costs for a typical ship is determ ned the total nunber of POS and draw ngs
b% relatively few PCS. The figure also combi ned while representing only a
shows that A materials can be readily few percent of total cost.

categori zed—nto three groups: .
7.1.1 Category 1 Material G oup

+ Category 1 - A material group requir-

ing few POS which accounts for a The materials in Category 1 include:
maj or portion of total material cost. , , . )
Per Figure 7-1, 20-25%of the POS « those having a high unit cost (main
a_cclount for about 65% of total mate- engine, boiler, punps, etc.),
rial cost.
5 + those which are custom designed for a
Z Category 2 - A material group whi ch specific end use (shafting, castings,
accounts for a considerabl e percent- automation, etc.)
age of total naterial cost and for ) )

i POS are required. Per + those which are Purchased in large
Figure 7-1, [about 20% of total mate- quantities usually for nore than one
rial cost 1s deternmined by POS ot her end use (steel plate and shapes,
than those for Category 1. etc.), and

Z those which are obtained fromvendors
and subcontractors who have speci al
purchasing agreenents.
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FIGURE 7-1: Procure Item vs. Mterial Cost Trend.
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LEAD TIME REQUISITION FOR PURCHASE

ACCEPTANCE OF MATERIAL

-/

———

——— PURCHASI NG RESEARCH
(ONLY SPECIAL CASE)

L REQUEST FOR QUOTATI ON

—— ORDERI NG/ CONTRACTI NG

——— MANUFACTURI NG

I NSPECTI ON & PACKI NG

—— TRANSPORTATI ON

I ACCEPTANCE | NSPECTI ON
»
DI STRI BUTI ON
FI GURE 7-2: El ements of Lead Tine.
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- EXAM NATION OF QUOTATI ONS

Category 1 materials usually require
long-lead times. Thus, their specifica-
tions and delivery times should be
deternined during basic design. Design
engi neers should issue required POS
imedi ately after a ship construction
contract becones effective and purchas-
ing activities should start much earli-
er than the deadlines for allowing Iead
times needed by suppliers. The elenents
for estimating ' ad tines are
illustrated in |Figure 7-2.

}——CONSTANT PURCHASING RESEARCH

| REQUEST OF QUOTATION FOR COST
|I { ESTIMATION/BUDGETARY PURPOSE

L NEGOTI ATION WTH SUPPLI ERS

L | NTERNAL PROCEDURE FOR ORDERI NG

- APPROVAL OF MANUFACTURER S DRAW NG



7.1.2 Category 2 Material Goup

Category 2 materials have less pri-
ority and require shorter lead tines
conpared with Cate%ory 1 materials
However, issuing their PCS as early as
possible after contract award is desir-
abl e. Regardl ess of such early issues,
the required POS should be listed in
the drawi ng/PCS list, published by
basic design imediately after contract
award. Then, purchasing people can
start planning their procurenent acti-
vities before POS are conpl et ed.

Ceneral ly, apgreciable desi gn defini-
tion must occur before grades, sizes
and quantities of Category 2 materials
can be deternined. Also, some POS can-
not be conpleted until basic concepts
for manufacturing plans have been de-
termned. As the lead times required
for Cate?ory 2 materials are not so
long, allocating sufficient tine for
engineering is not usually a problem

7.1.3 Category 3 Material Goup

Category 3 naterials are nostly fit-
tings, such as doors, |adders, etc.
whi ch subcontractors can efficiently
produce per shipyard manufacturing
drawi ngs. PCS are not usually required

Traditional U S. shipbuilders manu-
facture many such fittings in-house.
From an economi cal viewpoint, having
such fitting manufactured by special-
i zed subcontractors is al nost al ways
much nore effective

For procedural purposes, Category 3
material ordering per nanufacturing
drawi ngs shoul d be regarded as simlar
to ordering per PCS as for Category 2
materials. Thus, nanufacturing drawi ngs
for Category 3 materials should be
included in the drawing/PCS list ini-
tially published by basic designers
after contract award and revised and
reissued at the start of detail design
The revised drawing/POS list and its
schedul e enabl e purchasing people to
better plan, schedule and control pro-
curement activities.

Most Category 3 materials can be
standardized in order to facilitate
procurenent per standard manufacturin
drawi ngs. For each requirenent the only
suppl emrentary i nformation needed woul d
address size, quantity and weight. The
val ue of standard draw ngs for assuring
schedul e adherence by designers and
buyers cannot be overstated. O course,
usaPe of non-standard Category 3 nate-
rial's requires engineers to prepare
speci fic manufacturing drawi ngs. In
el ther case, necessary information and
drawi ngs nust be issued to neet. a pro-
curenent schedul e based on required
| ead tines.
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Estimating costs and production plan-
ning for Category 3 materials can be
readily and accurately perforned from
past trecords per given material names,
sizes and weights.

7.2 Procuring Allocated Stock Mterials

The average nunber of items categor-
ized as allocated stock materials AS
by shipyards is about 1,500. The nunmber
differs between shipyards due to geo-
graphi cal |ocations, available financ-
I'ng, designers' naterial planning capa-
bilities, conpany policy regarding in-
ventory control, etc. AS classification
designates naterial that requires so-
phi sticated control

A materials, for exanple, are ordered
for a specific use in a specific end
product. From a material-control stand-

oint, they inpose no particular prob-

ems. Even sonething as conplicated as
a nmain engine, which could Involve
several shipments for attachnents such
as a turbo charger, punps, and contro
system constitutes “one set” for re-
ceipt, issue and paynment. Although

i ndi vidual control of such conponents
is needed in production, no special
material controls are required el se-
wher e.

In contrast, AS naterials, by defini-
tion, involve repetitive procurenents
with margins in both quantities re-
quired and delivery tines so as to
mai ntain nmini num st ocks while making

issues for various end USES in nore
than one end product. "One set” of data
per item as for A materials, is inade-
quat e.

Even if certain AS naterials, valves

for example, were of the same type but
dissimlar in size or of dissimlar
t%pes but destined for the same system
they could not be grouped as “one set”
for the purpose of sinplifying nateria
control. Each kind of AS naterial is
uni que.

From anot her vi ewpoint, control of an
A material itemcan be partially shift-
ed to the supplier by including al
attachments, such as a diesel turbo-
charger, in one POS. This cannot be
done for AS materials, because they
cannot be ordered and delivered with
other related materials. Thus, AS nust
be directly controlled by a shipyard
separately per itemfor receipt, in-
spection, storage, etc



with commonality in usage, i.e.,
pal l etization it could

An AS material jtemis associated
. during
e assigned for

Installation in any one of several

systens in any one of several
ducts.

end pro-
They are usually enployed as

i nterconnections between A materials.

Thus, while AS materials only account
for a small portion of total naterial
cost, their end uses from a production
viewpoint. and their large variety,
makes AS materials nost difficult to
control from a material - managenent

Vi ewpoi nt .

particularly for
of ships,
very dependent
which As materials are nanaged,
exagger at i ng.
managenent

In any conplex industrial endeavor,
bui | ding and over haul
to say that productivity is
upon the skill with

is not
AS material -
be devised with

Ther ef or e,
net hods nust

great care in order to achieve the nost
effective and coordinated contributions

from desi gn,

purchasing and production

functionari es.

7.2.1 Materi al

Pl anni ng _for
Al ocated Stock

Materials Categorized as
Al'l ocated Stock

As a first step, materials which
are I:Jroposed for AS categorization
shoul d be acknow eged as such by all
concerned, particularly people repre-
senting design, purchasing, warehous-
ing and production. Each naterial
nane, size, grade, etc., must be
ildlentified, 'isted and distributed to
all.

As AS q aterials are commonly used
in different systens of different end
products, many should be registered
as shipyard standards. Such standards
presented during a pre-contract nego-
tiation, enhance owner acceptance and
benefits for both an owner and ship-
bui | der. Pernmanent designation as AS
material is not necessary. |f denmand
for a particular item dinnishes due
to market changes, design advances,
etc., switch to A material classifi-
cation could be justified. Also, if
demand for an A 1tem increases e-
nough, switch to AS would be appro-
priate. Thus, frequent reviews of
Inventory turnover rates are prudent.

37

Prelinmnary Material Estinates

by Designers

Early during functional design,
engineers estimate the quantity of
each AS material item required per
system As material definition and
pal l et codes are not precise at this
stage, such information is organized
as M.S per material ordering zones,
noted as "prelininaryll and sent to
the AS section in purchasing and to
production planning. The degree of
accuracy should be just sufficient
enough for buyers to plan procurenent
activities and delivery schedul es per
the material ordering-zone concept
described in Part 5.2.1.

Furni shing such prelimnary infor-
mation enables the AS section to get
a head start in material-control
pl anning, e.g., changing AS to A and
vice versa, proposing substitutions
of simlar materials from surplus,
etc. Also, the prelimnary inforna-
tion, which identifies groups of
material s roughly sequenced per a
build strategy, i1s useful input for
further production planning.

As nore precise quantities and
estimates are determned during func-

tional design, MS are revised con-
currently.
Determination of Final Quantities
by Desiagners

During work instruction design,

when pallets are finalized on conpos-
ite arrangenent-and-detail draw ngs,
all fittings are listed on MLF. Sore
such fittings are available in the
mar ket pl ace. Qthers have to be fabri-
cated either in-house or by subcon-
tractors. Thus, final deterninations
of required materials are dependent
\llj\ﬁon conpletion of material lists

i ch acconmpany nanufacturing draw

ings. In other words, quantities of
material items, including AS nate-
rial, are finally determned when

M.F, MLP and M.C are conpl eted.

By definition, materials in the AS
category are generally susceptible to
quantity revisions made necessary by
owners' changes and/or design errors.
The carefully calculated and con-
trolled quantity margins, inherent
features of AS control, offset such
potentially disruptive influences.



conomical Ord. Q'ty

Standard lead time

Material Name I Standard No.

Month Jan. Feb. Mar.

Apr.

May Jun. Jul.

Q'ty in Stock

Q'ty Received

0'ty

urch~
sing

? |Requisition No.

Ship No.

Margin

Misc. Use

Q'ty to be used E :

Sub-Total

Ship No.

Q'ty used
N

Margin

Misc. Use
Sub-Total

Preparati on of Purchase Orders

Just as the AS concept is between
the A and S concepts, the AS ordering
procedures are between the A and S
ordering procedures. A materials are
ordered by sinply referencing POS and
quantities provided by designers. S
material orders are triggered automa-
tically whenever quantities in hand

are reduced to certain levels. \Were-
as, reordering an AS material itemis
triggered periodically for all pro-

jects taking into account:
quantity in hand at period start

pl anned issues during period,

pl anned receipts during period,
quantity in hand at period end, and

an order for new requirements which
could include a quantity margin. [1]

FIGURE 7-3: N shijim Ledger for
Control of Allocated Stock Material.

Usual Iy each such order is for a
standard fitting. Therefore a code
number which represents a standard
specification or standard draw ng
suffices for a purchase order des-
cription.

Practical Procedure for Determning

Order Quantities

Wor kK Sheet

Ordering quantity for each AS
material itemis determned by using

a wor k sTeeL_caLLed_a_LN.shlj|na

| edger”, |see Figure 7-3.[The | edger
provides Tor rndicafing the quantity
required, the quantity received,
avail abl e stock, and quantity con-
sumed on a nmonthly basis and on a
hul | - nunber basis. Usual ly, pur-
chasi ng people are assigned to de-
termine ordering quantities from
such |edgers. [2]

[1] See “CQutfit Planning-Decenber 1979'NSRP, 4.4 Leveling and Bal ancing, and Figure 4-4, p
41 and “Industrial Engineering Handbook”, Third Edition, MGawH Il Book Conpany, Chapter 4

Net Requirements Rule.

[2] Captain R Nishijim of the Inp
the | edger has been used in Japan since 1929
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erial Japanese Navy. Per Dr. H Shinto, former President of IH



If an ob#'ective is to inprove the
accuracy of daily procurenent plan-
ning and control, in other words to
achreve literal hust-in-timﬁ,-
deliveries, the N shijinma |edger
could be used in a nore fractiona-
lized way, e.g, weekly instead of
nmonthly and by zone or system in-
stead of hull number. However, as AS
materi al s have the character of
stock materials in their availabil-
ity for issue, spending time and
effort for precise just-in-tine de-
liveries for heavy construction is
usual Iy not worthwhile. The indirect
expenses associated with such con-
trol efforts are quite costly com
[I)_ared to just the material costs.
hus, a purchasing system has to
control material in the nobst econom
ical way while maintaining required
quantities so that material short-
ages will not jeopardize production.

Listing Quantities Per Ship

As previously described, early
during a designh effort (typically,
about 6 months before keel laying in
an |H shipyard), estimated material
quantities are distributed to pur-
chasing and production in the form
of MS which are subdivided to show
how materials are distributed in
material ordering zones. Each such
estimate is then roughly distri-
buted, by purchasing people, into
nmonthly requirenents per a prelim
i nary production schedul e.

Definition of naterial ordering
zones so soon after contract award
does not nean they have to have an
exact relationship to the smaller
zones that will ultimately be used
to define pallets. Mterial ordering
zones are sinply a convenience for
early material procurenent planning.
Material requirenments, heretofore
grouped only by system per diagram
matics, are regrouped by zones that
can be sequenced per a prelimnary
production schedul e.

This approach may seem illogical.
If material should eventually be
grouped by zone, why not structure
material data by zone from the be-
gi nning? From a designer's view

point, early design stages are nec-
essarily system oriented. From a
material control viewpoint, AS nate-

rial is essentially stock natrial
and does not require precise deliv-
er%/ control. Therefore, MS conbined
with the material ordering zone
concept consitute adequate noti ce.
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Along with devel opment of design
details, materials are eventually
regrouped into MLF, M.LP and M.C
whi ch correspond to specific zones
that have neaning for conduct of
production work. MP and M.C, as
previously described, relate to MF
as structured material |ists.

| mediately as M.LF, MLP and M.C
are produced, sorting, collating and
comparisons to total quantities pre-
dicted by M.S nmust be acconplished
in order to quickly |ocate any mate-
rial requirements not previously
identified. As the material pur-
chasi ng plan is initially based on
M.S and refined as M.F, M.LP and M.C
are devel oped, and since work is
nore effectively controlled through
control of material not people, the
nost effective shipbuilders advise
that the material sorting, collating
and conparing function described in
the foregoing, is their nost im

portant conmputer application. Conpu-
ters applied for design, manufac-
turing, payroll, etc. are not wth-
standi ng.

Mar gi ns

In order to cope with design
changes and material |osses or dam
age, a quantity margin for each AS
naterial itemis estimated from
historical data and distributed so
as to supplenment each month's plan-
ned consunption during the produc-
tion effort.

M scel | aneous

As AS materials are also used for
ship repair and for building prod-
ucts other than ships, provision for
ni scel | aneous use is nade in the
Ni shijima |edger shown in Figure 7-3.

Determ ning a Purchase O der

For each kind of AS material, the
quantity to be orderd and a deliv-
ery date is deternined by purchasing
peopl e each nonth b){| deducting the
stock on hand and the quantities
reflected in outstanding orders from
previous months from estimated re-
quirenents. The final quantity, de-
l'ivery time and time to issue a
purchase order is determined after
checking the "econom cal ordering
quantityl" and "standard lead timng”
which are recorded on each N shijina
| edger. "Economical ordering quan-
tity” means the nost econonical
amount to purchase based on past
experience.



- Recording Actual Usage

Actual naterial usage per nonth by
hul | _nunber, by margin and by ms-
cel[Taneous are summed and recorded
on the Nishijim work sheet for each
kind of AS material. By review ng
such actual consunption, quantities
required for succeeding nonths are
revi ewed and adjusted as necessary.

of Allocated Stock

7.2.2 Procurenent

As nost AS materials are treated as
standards, the najor function for their
managenent is purchasing. The purchas-
ing process is sinmplified because

0 increasingly, products available in
the open narket are being registered
as shipyard standards, and

o nore and nore, shipyard standard
drawi ngs and acconpanying nmateri al
lists are being used to describe
items that are to be produced in-
house or by subcontractors.

7.3 Purchasi ng and Subcontracting for
Stock WMaterial

S material only accounts for a very
smal | portion of total material cost
However, the number of individual itens

are usual ly about tw ce the number for

AS material. Thus, froma nekerial
management viewpoint, S material cannot
be i gnored.

731 Planning for Stock Mterial

S naterials are usually ordered when
their stocks are depleted per a fixed-
reordering-p oint or two-bin-contro
rule. In a shipyard, a conputer applied
fixed-reordering-point systemis nost
econom cal because nmany different kinds
of S materials are required

~Planning for S materials inposes very
little work on designers.

S materials can be changed to AS or
even A materials if changed denmand so
i ndi cates. Therefore, just as for AS
material, having designers inform pur-
chasing of estimated quantities of
required S materials, is desireable.
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Also, as S materials are usually
listed in MF, MLP and M.C, |ater de-
termination of precise quantities re-
quired is easy to acconplish. However
sone shiﬁbuilders believe that it is
not worthwhile to expend time and noney
to precisely control all of the many
difrerent kinds of S materials because
of their relatively low unit costs.
Thus, some shipbuilders provide free
access to many S naterials. For exam
ple, bins of nuts and bolts and racks
containing Ubolts, gaskets, etc., are
| ocated for the convenience of fitting
work on-unit, on-block and on-board.

7.3.2 Procuring Stock Mterials

The procurenent nethod for S mate-
rials I1s the sane as for AS naterials.
But, because many different kinds of S
materials are required and since they
are conparatively cheap, purchasing
Brocesses and associ ated paper work can

e sinplified, e.g., by:

o enpl oyi ng
¢

ong-termcontracts to fix
unit pri t

I

es ahd quantities, and

0 nmintaining vendors' stocks on con-
signment inside shipyards.

7.4 Summary of Procurenent Methods for
Al l ocated, Stock and
A Tocated Stock Materials

Procur ement Frerequisites for A S
a

Figures 7-4 bnd|7-5. Yho

5hows
purchasing patterns

A—Samd AS
nFteriaIs relative to a key-date sched-
ule.

~tabula
||Fi gure 7-6
T2
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8.0 RATI ONAL| ZATI ON COF
PROCUREMENT  TECHNI QUES

There are several
efficient procurenent
are appropriate for shipyards. In order
to be effective, all nust generally
conform with two basic policies. One
pertains to contracts wth suppliers
and subcontractors. The other concerns
human resources, specifically, purchas-
ing people. In rationalizing purchasing
techni ques, nmeasures for conformance
with both policies must be skillfully
and suitably conbined.

cost-saving and
techni ques t hat

8.1 Rationalization of
Contracting Procedures

8.1.1 Central vs. Local Procurenent

If a conpany operates several ship-
yards, devel oping expertise to procure
certain materials through a central
procurenent office in conmpany headquar-
ters is nore econonmical and advanta-
geous than permtting such expertise to
be "spread thin" anpbng several purchas-
ing organizations. This is particulary
so for a firm which maintains a basic
design capability only in its headquar-
ters.

In addition to |its gseogra hi cal ,con-
not ati on, central ™ "al’So “neans "a “cen-
ter for establishing purchasing strate-
gies and/or activities" for the entire
firm For example, as a vital matter,
the central purchasing office nust work
together with the basic design depart-
ment :

0 to assist the nmarketing departnent in
obtaining orders by providing tinely
information on price and quality of

maj or materials which best suit a
marketing objective, and

0 when an order is received, to rapidly
i ssue purchase orders for such mate-

rials taking care to achieve sched-
uled material delivery dates and to
keep within nonetary budgets,
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Materi al s which should be procured by
a headquarters office include:

0 long-lead-tine materials,

o mpjor fittings and raw naterials that
are clearly defined in a shipbuilding
contract,

o materials needed in |arge quantities
that are conmonly used by many of a
company' s shipyards and other indus-
trial divisions,

o materials for which procurenent is
bi ased by political considerations,

o materials for which the nunbers of
suppliers are limted, and

o materials from foreign sources.

The sane advice applies to a small
company which operates only one ship-
yard. A small group of procurenent
specialists who report directly to the
general manager and function as a cen-
tral procurenment office, should handle
the exceptions described in the fore-
going. This approach frees the regul ar
purchasing department to contribute to
Improving material management systens,
to better coordinate with design and
production activities and to ideally
function as cost centers.

Most A naterials are purchased by a
central procurenent office under the
direct supervision of top managenent.
Cenrally, S and AS materials are pur-
chased by local purchasing offices
whi ch should report to their respective
production-control nmanagers.

Local purchasing offices in shipyards
should deal mainly with short |ead-time
materials, i.e., materials that are

nostly affected by changes as a detail
design progresses. In other words,

local procurement offices are mainly
P_reoccupled_thh materials that are
inally defined during the preparation
of MLF, MLP and MLC. In addition |ocal
procurenent offices are better able to
maintain the required constant and
close relationships with subcontractors.



8.1.2 Long-Term Price Agreenent

The objective of long-termprice
agreenments is to stabilize relation-
shi ps between buyers and sellers for
certain periods, typically 6 nmonths or
one year. Long-term agreenments yield
advant ages for both buyers and sellers

in mtters pertaining to prices, deliv-
eries, productivity, etc. Furthernore,
such agreenments are beneficial to both

groups because frequent negotiations
associated with multiple procurenents
are elimnated. O extrene inportance
are the shortened lead tines that |ong-
term agreenents make possible.

There are a nunber of purchasing
met hods that, with sone nodifications
and/ or devices to satisfy circunstance
for each case, are suitable for |ong-
term agreenents.

8.1.3Long-Term Lunp Sum Contract

A long-term lunp- sum contract is
somewhat simlar to a long-termprice
contract. Instead of unit prices, a
lunp sum applies for a total quantity
of a particular material itemfor a
nunber of ships. Deliveries are nade to
”ﬁFCh the construction schedul e of each
shi p.

8.14Sinplified Purchasing Method
- Consi gnment

Consi gnnent requires vendor agreenent
to maintain a naterial supply in a
shi pyard' s warehouse. As such materials
are 1ssued to production, they are
regarded as havi ng been purchased by
the shipyard.

8.1.5Sinplified Purchasing Mthod
- Credit

Credit purchasing involves vendor
agreement on unit Price and to maintain
sufficient stock always avail able for
i medi ate delivery. Oders are placed
verbally. Wen materials are delivered
in response to each such order, quanti-
ty and total price are entered in a
passhook and the grand total transacted
per month is paid after a period for
which there is nutual agreenent.

8.2 (Quality and Statistical Contro

I nspection upon receipt of materials
is carried out in accordance with PGS,
shi pyard manufacturing drawi ngs and a
standard protocol for such inspections
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An inspection standard, appropriate
for each particular nmaterial item
addresses appearance, nmneasurenments,
operation, overhaul, spare parts, etc.,
and is referenced in purchase orders
Also, inspections at a manufacturer's
plant requiring attendance of shipyard
I nspectors, or inspections which are to
be performed autononously by a nmanufac-
turer, are stipulated in such inspec-
tion standards.

Shi pbui | ders, who require statistica
evi dence of quality from suppliers
bef ore purchase orders are awarded, are
nore and nore all ow ng autononous in-
spection by manufacturers who have
reliable statistical qualitg contro
systens. Shipbuilders save by not hav-
ing to dispatch inspectors and by ob-
taining sonme price discount which re-
sults fromelinmination of chance that
sh|%yard inspectors will disrupt a
manufacturer's operations.

~In order to allow autonomous inspec-
tion, a shipbuilder should ascertain if
t he manufacturer

0 routinely enploys statistical contro

met hods 1 n production

0 has had transactions with the ship-
yard in the past,
0 is technically reliable,

0 is financially and managerially
stabl e,

0 has submtted technical information
approval draw ngs, etc., that can be
trusted,

0 routinely enploys a quality contro
organi zation, working standards, in-
spection standards, etc.

Above all, the assurances that can be
had from statistical evidence of quali-
t% submtted by a vendor before pur-
chase order award, cannot be over exag-
gerated. Such evidence, analytically
derived, describes whether or not a
manuf acturer's production systens are
Berforning normal Iy, Should a shipyard

CS require abnornal performance, then
statistical evidence of normalcy serves
as a baseline to evaluate the inpact of
the extraordi nary requirements, even to
the extent of analytically deriving the
probabl e number of inspectors required
Shi pbui | der/vendor negotiations, pro-
ceeding with nuch nore technical know
| edge, then produce far nore nore mu-
tually beneficial decisions than can be
reached without statistical evidence



Mai ntaining intimte know edge of
suppliers as-described in the fore-
going, is obviously inpractical if
requests for bids for a particular item
are not limted. Three requests-for-
bids to suppliers, of whom the shipyard
has extensive know edge, reasonably
ensure sufficient conpetition.

Just as in the nost effective firns

in Japan, nanagers elsewhere nust, for
?roductlwty reasons, deal wth signi-
Icantly fewer suppliers.

8.3 Delivery

8.3.1 Determination of Delivery Dates
_Materials, for which procurement ac-
tivity starts inmediately after award

of a shipbuilding contract, are ordered
per a prelinmnary delivery schedule
which is based upon a shipyard s master

schedule. As detail design proceeds, an
outfitting mlestone schedule, nonthly
schedul es, weekly schedules, etc., are

established by production. These sched-
ules are the bases for determnin
delivery dates for large itens ang t he
pal lets containing snaller fittings.

8.3.2 Delivery Follow Up

Fol | ow-up on deliveries per initial
schedules is performed by the sane
peopl e who placed the orders, i.e., by
buyers in a purchasing office. However,
as a schedul ed delivery date approaches
for a critically needed item about
thirty days before, delivery need is
restudi ed because sometimes adjustments
in a delivery date is justified b
devi ations from suEpI ier and/or ship-
yard production schedul es.

Such adjustnents are frequently nec-
essary in shipbuilding. Therefore, in-
stead of wusing the material ordering
section as a channel between suppliers'
and a shi p%/ard’s production\Nﬁeopl e,

ield

assigning f expediters o nornmally
ensure delivery of materials to produc-
tion sites, to negotiate final delivery

dates with suppliers is nore effective.
Tinely shift of followup responsibili-
ties Is very inportant.

If materials are being supplied from
a foreign source, followup should be
shifted from the nmaterial ordering
B'e? le to the field expediters when
|

s of lading are received.
8.4 Assessnments of Suppliers
Assessnents of naterial suppliers are

quite essenti transactions
take place. |Figure 8-1 |shows a typical
format to facrti ch eval uations.
Commrensurate with material value and/or
criticality, analysis of a vendor's
busi ness situation should be nade using

Appendi x E |as gui dance.
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VENDOR SURVEY SHEET

1/2

5':;10" made out review review review review
Charge )
Manager staff M S M s M s M s
Name of
Company vendor's Code
Address TEL
Head Office
Dept. & Person in
Charge for Our
| Company.
" -
L] -
"
Overseas Office
Large Share- Name of Re-
holder Share (%) Main Bank presentative
Capital dollar dollar
Month of -
g Established Month Year settlement
&
H
] Member of Listed on market
S Business Group: Mo
2 Non
' bivision 1982 1983 . 1984 1985 1986
Business &
Total to. of | *21eS
Employees
Others
Person P P P|
Total
Average Salary )
Average age
Average Serving years
Labour union Yes No ilppier”
vrganizacion
Technical :
cooperation Technical cooperation item | Technical cooperation party | Sub-licencing party (Name of Mfg.)

period

yr/mo. - yr/mo.

Amount of Our Company's Product
item, amount)

Transaction started date with us:

FIGURE 8-1(a):

Vendor Survey Sheet, Page 1.
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2/2

1979 1880 1981 1982 1983
Total sales . 5[ s §1 » J s $i % ) s| =
(ordinary profit) _ 100 100 100 100 100
(1) Qur
Company
9 2y
o
12}
e
=
3
S
- 1(4)
w
M
§
2 |5
;]
8
g [(6)
-l
"
=
Name of business -
transacting Items Ratio to own Ratio to manufac- Ratio of shares hold
Manufacturers (make marks to supplies for sales amount (%)|turers total sales | and yes or no of
(%) directors despatched
pAddress: our -ccmpany)
g
g
g
3
" - .
7]
2]
z
=
u
b=
m
" | other optional opinion on quality, delivery and transaction problems (if required, add additonal sheet)
Oxdering department of
OQur Company
Vendor's person in charge : Department Name

FIGURE 8-1(b): Vendor Survey Sheet, Page 2.




9.0 SUBCONTRACTI NG TECHNI QUES

The efficient enployment of subcon-
tractors is a key element for success-
ful mterial management. Subcontracting
is, in a sense, a means of tenporarily
extending a shipyard' s production capa-
bilities. Thus, subcontracting pro-
cedures are quite different from pur-
chasing activities for raw naterials
and finished products available in the
mar ket pl ace. Also, different control
techni ques are required.

9.1 Contracting Methods

9.1.1 Selection of Subcontractors

Subcontracts for manufacturing are
acconpani ed by draw ngs which describe
what is to be produced. Thus, they

indicate work which is to be perforned.

In selecting a subcontractor, the
first criterion addresses whether can-
di dates have sufficient manufacturing
capabilities by thenmselves and, if not,
whet her they have managenent capacity
to further subcontract work successful-
ly. The second criterion concerns de-

pendability. Stability in managenent
and adm nistration of financing, pro-
duction control, human resources, etc.,

nust be eval uat ed.

The third criterion concerns a sub-
contractor's geographical |ocation.
Sonetimes a shipyard may have to pro-
vide production know how or |ease tools
whi ch could require frequent. dispatch
of managers and engineers to a subcon-
tractor's plant. In such cases, en-
gagi ng subcontractors who are |ocated
close to the shipyard can be very ef-
fective provided there is wllingness
to accept shipyard guidance and con-
trol. A'so, shipyards which procure all
materials for work to be performed in-
house and outside, usually find advan-
tages in dealing with nearby subcon-
tractors.

9.1.2 Determnation of
Subcontract Price

A subcontract price is nostly depen-
dent upon work content. Usually, esti-
mated cost is baaed upon nmanufacturing
drawi ngs prepared by the shipyard. A
few el ements, Such as cost per man-
hours and naterials, if the shipyard
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does not supEIy materials, are deter-

mned by market conditions.
Manufacturing costs, naturally, are

proportional to the nunber of man-hours

required. Also, the manufacturing sys-
tern inplemented by subcontracting, in-
herently splits responsibilities, e.g.,
drawi ng  preparation and often material
marshal ling are perfornmed by the ship-
yard and production processes, facilli-
ties and jigs are under the cognizance
of the subcontractor. Thus, opportuni-
ties for inprovenents are dependent
upon how well shipbuilders and their
subcontractors interact. In order to
benefit to the maxi num extent, each
shipyard should limt the nunber of
subcontractors normally dealt with and
actively encourage devel opment of sub-
contractors' works as part of the ship-
yard’s manufacturing system —

9.2 Quality Control
9.2.1 Inspection Standards
Normally, the main inspection objec-

tive is to ascertain quality of a sub-
contractor'a workmanship in the context
of: a manufacturing draw ng provided by
a shipyard, and production process and
quality standards which are published
by the shipyard for its own use and/or
by sonme agency in behalf of a ship-
buil ding Industry. Typical such stan-
dards are:

o "Shipbuilding Process and |nspection
Standards (SPAIS)" issued by IH,

0 "Qality and Inspection Standards for
ISr|_1||I ps Pgli nting (QSSP)" issued by
, an

o "Japanese Quality Standards - Hull

Part (JSQS) 1982" published by the
Research Committee on Steel Ship-
Ar -

bui I ding, The Society of Naval
chitects of Japan. (Thi S publication
describes statistically derived ac-
curaci es normall?/ achieved by the
Japanese shipbuilding industry. A
proi ect to so collect, conbine and

publish structural accuracies nor-
mal |y achieved by U.S. shipbuilders,
initrated by the NSRP, started on

1 February 1985.)



Large items, such as castings ob-
tai ned by subcontract per shipyard
manuf act uring draw ngs, should, in ad-
dition, be thorou%hly checked in ac-
cordance with a shipyard s receiva
i nspection standard. Normally, this
standard applies for purchases of prod-
ucts that exist in the marketplace

9.2.2 Inspection Responsibilities

A shiBbuiIder's i n-process inspection
at a subcontractor's plant and receiva
i nspection could be elimnated when a
subcontractor's quality assurance and
roduction schedul e control systens are
ound to be reliable and if the subcon-
tractor did not have serious related
roblens in the past. Wen such quali -

i cations exist, shipbuilder's can ac-
cept a subcontractor's self-inspection
report and guarantee certificate. Per-
mtting subcontractors to assume such
i nspection reponsibilities creates in-
centives from which shipbuil ders and
subcontractors benefit.

If a subcontractor's quality does not
nmeet the criteria specified, the ship-
yard nust positively and pronptly dis-
patch inspectors to do whatever iIs
necessary to maintain the specified
quality. Their main objective is to
insure that problens, such as rework or
rejection, wll not occur after a sub-
contractor's product arrives in the
shi pyard. Even though a subcontractor
normal |y assumes rework costs, a ship-
yard could still suffer fromits own
production schedul e slippage, unexpect-
ed managenent, inspection and control
expenses, productivity loss due to
di sruption, etc. Thus, shipbuilder ef-
forts to obtain assurances before a
subcontract award and tinely technica
gui dance and assi stance to subcontrac-
tors afterwards, are often very worth-
while investments.

9.3 Delivery Control

Shi pbui | ders shoul d assi st subcon-
tractors in setting up schedul e con-
trols. Thereafter control of delivery
schedul es should be left to subcontrac-
tors, provided shipyards allowed them
sufficient time, considering their oth-
er workl oads, for production, for deli-
veries, for planning and scheduling,
and for making other required prepara-
tions.
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9.4 Fosteri ng Subcontractors

9.4.1 Fostering Policy

Most traditional shipyards fabricate
fittings in-house. From an econoni cal
viewpoint, utilizing subcontractors
that a shipyard has hel ped develop, is
more effective

Dependi ng on its geographical |oca-
tion, labor relations, etc., a policy
for fostering subcontractors should dif-
fer between shipyards. The foll owi ng
characterizes policy generally adopted
by shipyards in Japan:

oin principle, do not invest in a
subcontractor's capital

oguarantee a certain amount of subcon-
ract work as a base workload,

o provide technical assistance without

charge, and

o provide nanagerial gui dance unti
subcontractors are no | onger only
dependent on shipyard work and/ or
t echnol ogy.

9.4.2 NMpjor Points for

o Managerial Quidance - If a subcon-
tractor so desires, dispatch shipyard
people to act as consultants for
resolving magerial problenms, such as
in accounting, production control

Fostering

etc.

o Technical Cuidance - |If a subcontrac-
tor so desires, dispatch shipyard
engi neers, foreman, etc. to act as
consul tants for resolving technica
probl ens.

0 Anticipate Problems - If a subcon-
tractor so desires, periodically,

di spat ch shi pyard peopl e havi ng
charge of subcontracting or other
appropriate functionaries, to survey
for and help resolve problens.

9.5Eval uati ons of Subcontractors
Each potential subcontractor should

be formal|ly eval uated regardi ng manage-
nment and financial status, transaction

recordsdelivery punctuality, etc.
Figure 9-1 ghows a typical fornmat to
I such eval uations. Commensur -

ate with material value and/or criti-
cality, analysis of a subcontractor's
busi ness situation should be made using
Appendi x E as gui dance.

Recorded surveys of potential subcon-
tractor's technical capabilities, e.g.
facilities, work previously Perforned
etc., are useful references for plan-
ning future subcontracts.



SUBCONTRACTOR SURVEY SHEET

: 1/2
Section in made out review review review review
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Manager | Staff
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Name of Compan
pany vendor's Code
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ess (make marks for us)
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in Charge for
Our Company
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"
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of
Employees Worker
Business &
sales
Others
Total
Average Salary
Average age
. Average serving years
: Labour union yes no Upper Organization
nrarn, o 147, Qeihanmdrmantarn Curnevar Qhaad Pacas 1
FIGURE 9-1{a}: Subcontractor Survey Shesl, Pags 1.
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FIGURE 9-1(b): Subcontractor Survey Sheet, Page 2.
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10. 0 ORGANI ZATI ON STRUCTURE AND SYSTEM

FOR MATERI AL MANAGEMENT

10.1 O ganization Structure Qutline

As previousl g descri bed, shiKbui [ di ng
materials can be grouped into A_ S and
AS material categories. Using the same
divisions for organization of a mate-
rial managenent system seens to be
natural. However, analysis of the rela-
tionships between the material categor-
ies and the material managenment func-
tions, nodeled in| Figure 10-1,| indi-
cates that it would—be quite difficult
to handle all routine work per A S and
AS categorizations. Structuring an or-
gani zation by naterial managenent func-
tions, i.e., mterial planning, pro-
curement and distribution, is both
practical and nore convenient.

O course, creating an organization
that would be ideal for all shipyards
is not possible due to their unique
circunstances. Thus, the descriptions
which follow are typical of Japanese
shi pyards which have effective material
managenent systens.

10. 2 Organi zation Structure for
Sinpl e Operations

Sone shipyards have relatively snall
production outputs and therefore |ess
material volume to nmanage. Regardless
of a shipyard' s size, when such vol une
is small, relatively few People and a
sinmple organization is sufficient. As
shown in[Figure 10-2,| there is no need
to appor nt responsibili-
ties by central and local as described
in Part 8.1.1.

Al'so, shipyards which specialize in
the sane type of ship, regardless of
its design conplexity, do not require a
sophi sticated organization if the
volune of nmaterials to be managed per
unit time is small. Therefore, sinple
\%gani zations should be considered

en:

o there is virtually no need to control
many different kinds of material in
short tinme franes, and

o marketing people do not require
active engineering support.

Sinple organizations are basically
structured-per material nanagenment
functions. The job descriptions by
departments could be:

0 Estimating Departnent

estimating costs of proposed
projects per inquiries

preﬂaring a working budget for
each project for which a
contract is received

anal yzing feedback, i.e., actual
expenditures for material,

man- hours, overhead, etc., and
updating paraneters used for
estimting

o Planning and Scheduling Departnment

profit planning

Breparing material and man-hour

udget s

preparing long-term construction

plans, mlestone schedules by
material ordering zones, schedules
for deliveries of major fittings,

etc.

reviewing and determning material
control classifications, confirmng
material standards, taking
initiative in devel opnent of
material standards, etc.

0 Basic Design Section

prelinminary and basic designing for
estimating, including VE

estimating basic material quantities

preparing PCS for major material
I'tens

pronmoting standard design features
and material standards
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o Functiona

0 Procuremnment

and Work Instruction

Design Sections

devel opi ng functional diagrammtics
and work 1nstruction draw ngs based
on VE

preparing M.S, M.F, MLP and M.C
Preparing PCS for materials for

whi ch PCS were not prepared by basic
desi gners

promoting standard design features
and materials

Depart ment
mar ket research

eval uating potential vendors and

subcontractors

devising and controlling material
procurenent schedul es

ordering A materials
ordering AS and S naterials
subcontracting

VE during purchasing and
subcontracting

arranging for shipyard assistance
to subcontractors

delivery control and expediting

pl anning and control of S and
AS inventories
recording material receivals and
i ssues

pal letizing and transporting
materials to work sites

collecting scrap and surplus
materials and promoting their
utilization in future projects

CGener a
Pl anni ng

Desi gn

Presi den+

Production

Procurement

Administration

FI GURE 10-2:

A Sinple Oganization Wen Mteria

Volume is Small.



0 Production Department

-preparing schedul es for

acquisition of hull structural steel

preparing schedules for acquisition
of fittings
material receiva

hul I construction,
painting, etc.

i nspections

outfitting,

10.3 O gani zation Structure for
Compl ex  Operations

Figure 10-3 shows an organization
chart for a firmwhich operates severa
shipyards and, by adaptation of the
chart, for a firm which operates one
yard, both of which have large outputs
of m xed and diversified products and

| arge volumes and varieties of mate-
rials to control, i.e., challenges that
require:

o varying quantities of many different
kinds of materials, and

0 mnimzing the durations between
contract awards and end- product
deliveri es.

Especi al | y not ewort hy in|Figure 10- 3 |
are two organi zational features whi Cl
are absolute requirenents for effective

mat erial management during inplenmenta-
tion of conplex building projects

o Production is not an overbearing
monol ith. Instead, production
responsibilities are divided by
inherently different types of work
into two departments, 1.e., a hull
construction departnent and an out-
fitting and painting departnment.

0 The production control department is
assigned responsibility to coordinate

all industrial operations. This re-
sponsibility specifically includes
all facets of material control, so

much so that even the purchasing
section reports to the production
control department.

The nost effective shipbuil ders regard
t hese organi zational features as abso-

lutely essential for coordinated sched-
ule, material and man-hour control
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Si nul t aneousl y undertaki ng severa
projects in short time frames increases
mat eri al procurenent and control work-
| oads. For productive operations, work
functions nust be divided into smaller
increments and responsibility for ac-
conpl i shnent of work must be decentra-
l'ized. Thus the organization structure
will need specialists to execute work
and an increased control function to
support and regul ate such work. As a
result work volume per unit tine is
nmore dense and the quality of work is
enhanced.

Job descriptions for the greater
organi zational division and specializa-
tion could be:

o Estimting Departnent
- sane as in Part 10.2
0 Basi c Design Department

sane as for Basic Design Section
in Part 10.2

0 Functional and Work Instruction
Design Sections

- sane asin Part 10.2

0 Central Purchasing Depart nent
mar ket i ng/ purchasing research,
purchasing and delivery contro
of materials identified in
Part 8.1.1, i.e., materials for
whi ch exceptional purchasing
activities are required (although
very seldom AS and S material s may
al so be inclued)
0 Production Control Department
i ntegrated planning and schedul i ng
for control of an entire shipyard
wor ks

of material

- planning and control
st ocks

ordering and materia
0 General Control Section
- plannin?, control and adjustnent of
the profit plan, operations plans
etc. including man-hour allocations
and scheduling

consol i dated material planning
including material contro
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HMore Shipyards and When Material Volume is Large.



o0 Purchasing Section

mar ket research

eval uating potential vendors and

subcontractors

- devising a procurenment plan and

controlling material procure-nerit
schedul es

ordering materials not already
ordered by the Central Purchasing
Departnent i.e., certain A
nmaterials (Categories 2 and 3) and
principally AS and S materials
(basically Categories 1 and 2)

subcontracting

- VE during purchasing and
subcontracting

arrangi ng for shipyard assistance
to subcontractors

- delivery control
0 Expediting Section

- planning and control of S and AS

I nventories

- field expediting, i.e., taking
delivery control fromthe Purchasing
Section in special circunstances as
described in Part 8.3.2

recording material receivals and

i ssues

- palletizing and transporting
materials to work sites

col lecting scrap and surplus

materials and pronoting their

utilization in future projects
0 Quality Contro

- developing quality contro

Depart ment

st andar ds

i npl enenting receival inspections

for both purchased and

subcontracted materials

i mpl ementing in-process inspections,
final inspections, etc.

o Hull Construction Departnment

- preparing md-termand short-term
schedul es for acquisition of

hull structural stee
i npl enenting statistical contro
of accuracy

- hull construction work, i.e,
fabrication, assenbly, erection,
etc.
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0 Qutfitting and Painting Departnment
preparing md-termand short-term
schedul es, i.e., pallet assenbly
dates, for acquisition of fittings
and paint

manuf act uring, painting and
pal l etizing pipe pieces

outfitting and painting on-unit,
on- bl ock and on-board

10.4 Comments on O gani zation

10.4.1 Team Work

Questionnaire responses indicate that
procur enment ﬂeople_tend to blame de-
signers for hanpering procurenent acti-
vities due to slowness in design con-
tributions for material planning. On
the other hand, designers blame pur-
chasi ng people for not being able to
obtain VFI soon enough.

Procurenent activity is made up of

several specialized jobs, e.g., mate-
rial planning, requisitioning, purchas-
ing, etc. Purchasing people are sone-

times exposed to favors from vendors
who so strive to obtain orders. Wile
all such efforts may not be illegal

all affect material managenment and thus
can be expected to have adverse inpact
on material costs and productivity
Therefore, a procurement activity nust
have a supervisory function to guard
agai nst such fraud. Decentralization of
responsibility and authority for pro-
curement is also an effective preventa-
tive.

Al t hough each purchase seens to be
just a transaction between two firms,
each represented by an individua
charged with getting the best deal, it
is arelatively conplex affair froma
shi pbui |l der’ s viewpoint. The shi p-
owner’s and regul ators’ requirenents
nmust be met in accordance with ship
construction schedul es, but not at any
cost. At the sane tine a shipbuilder’'s
best interest is served by cuItivatinP
long-termrel ationships wth relatively
few, just enough for conpetition, sup-
pliers as conpared to very frequently
entering into first-time agreenents.

Al t hough Purchasing personnel should
have special qualifications, the nost
inportant prerequisite is a consistent
shi pyard purchasing policy. Wthout
such consistency, the activities of

pur chasi ng personnel and of the design-
ers who support purchasing, degenerate
into reactions to late POS, insuffi-
cient vendor proposals, untinely VFI
etc. Such information exchanges need a
supportive network and good team spirit



A good system for procurenent activi-
ties is essential, but a basic el enent
for OEerating the system effectively is
good hunman rel ationships. In other
words the various functionaries involv-
ed must have know edge of the system
and display willingness to contribute
as team nenbers. |ndividuals pursuing
selfish or parochial interests could
achieve inpressive records of apparent
performance with little real perform
ance insofar as overall material man-
agenent is of concern. Establishing
team spirit is a top managenent respon-
sibility. There nust be initiative to
create an atnosphere which encourages
people to talk with and help each oth-
er. Departrment and niddle managers, as
exanpl es, should take the lead to com
nuni cate and cooperate with each other.

VE neetings are effective neans to
foster team spirit.

10.4.2 Organization for
Val ue Engl neering

Only recently is VE being recognized
as prerequisite for reducing nateri al
costs through applications during de-
signing, purchasi n?, subcontracti ng,
etc. VE is nost effective when work is
hi ghly organi zed. Inplenentation of VE
need not be based on a fixed organiza-
tional structure. Resilience in appli-
cation such as with a task force or ad
hoc conmittee is also effective. VE
proposal s are needed from as nany indi-
viduals as possible representing all
areas of material nanagement. The re-
sponsibility to subnmt proposals should
not be left to a few VE specialists.

For exanple, a VE task force for
basic design should, in addition to
basi c designers, have representatives
from functional and work instruction
design, production, etc. Very often
good ideas are discovered by people who
are not directly involved in the work
bei ng consi dered.

Simlarly, a VE task force for pur-
chasing or subcontracting should In-
clude representatives from engineering
and production. Sonetines, a shipyard
VE team coul d beneficially include
peopl e from vendors' and ‘subcontrac-
tors' plants.
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10. 4.3 Oganization for Palletizing

As nentioned before, palletizing pipe
pi eces should be regarded as the [ast
stage of pipe-piece production. How
ever, delivery of pipe pallets to pro-
duction sites should be done by the
war ehouse organi zation which controls
pal letizing of fittings other than pipe
pi eces. Usually, the warehouse respon-
sible for receiving and storing A S
and AS materials is the npbst appro-
priate organization to have charge of

the major palletizing and transporting
effort.
10.5 Structure of Product-Oriented
Mat eri al _Managenment _System
The material managenent system which

has been described thus far is illus-
trated in Figure 10-4 which is a flow
chart showing only major activities of
the system 1i.e., secondary in-house

clerical activities, such as nonthl
paynent ﬁl ans, are not addressed. -
though the chart is based upon an or-

gani zati OT_mu_qu_l_e_loperati ons as
shown in [Figure 10-2, it can be expand-
ed for conplex operations by sinply
nodi fying allotments of work.

That is,| Figure 10-4 shows work
processes (horrzontal axis) Versus
organi zation function (vertical axis).
Al lotnment of work involves dividing
both into smaller increments so that
the work scope for subdivided function
becones definitive and specialized
enough to correspond with the organiza-
tion structure f perations
as indicated by |Figure 10-3.| For exam
ple, if "Procurenmen as shown in
Figure 10-4 is divided into central and
local activities, responsibilities for
"P/0 for A Material' and "Specific
Material/Cong-Lead Time A Material”
becomes the work of central and other
responsibilities remain wth |ocal.




Many routine procurenent tasks, such
as, preparation of vouchers and checks
are best handl ed b¥ autonated data
processing (Aop). There are two basic
approaches. One is to sianK have ADP
assune routine clerical work. The other
is to conputerize an entire materi al
managenent system The latter approach
has many merits, such as ninimzing
human error, |abor saving, easy re-
trieval of nmanagement/control data,
etc., and is dependent upon the fol-
| owing prerequisites:

i n- house
syst ens,

0 clear delineation of
material procurenment

0 stabilization of production )
processes, i.e., little dispersion
In labor man-hour expenditures

0 extensive standardization of design
features and materials,

0 clear definition and effective
applipation of a concept for
material control classification,
e.g., A S and AS

0 clear definition and standardi zation
of lead tines,

o effective palletizing, which involves
clear definition and predeternination
of unit volume of material issue
i ssuing schedule, etc.
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Regarding the latter item unit
vol ume of nmaterial issue is associated
with unit work vol ume which corresponds
to a package consisting of enough work
for two people for one week. In prac-
tice there are deviations because work
vol une cannot be so neatly divided. The
final output of product-oriented mate-
rial management is a group of materia
which constitutes a "pallet" as repre-
sented by an MLF. Therefore, the unit
vol une for palletizing should be pre-
pl anned accordingly.

_Further, when planning the applica-
tion of ADP to material managenment, the
following should be anticipated

0 the design workload will increase
especially if a CAD system does not
exist or 1s not fully operational,

0 not much benefit should be expected
for certain materials, e.g., Informa-
tion regarding the relatively few A
material's sonmetimes requires special
i nput/out put rules so that manua
processing is just as effective but
poses the inconveni ence of having two
syst ems,

0 educating personnel for coding and
i nput jobs w thout unacceptable de-
gree of human error takes time espe-
cially when data is vol uninous
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11.0 PICTORIAL

FIGURE 11-1: Effective shipbuilders perform in-house only work which by
nature and volume can be implemented in accordance with the most scientific
concepts, e.g., Group Technology and Statistical Control. This enables them to
apply product organizations and operate and monitor each shop as a separate
business. Thus, fabrication work in-house is normally limited to producing
hull parts as needed for a block (A) and pipe pieces as needed for pallets
(B). Assembly work in-house is normally associated only with performing sub-
block assembly, block assembly and hull erection per the Hull Block Construc-
tion Method and outfitting on-unit, on-block and on-board per the Zone Outfit-
ting Method. Virtually all other fabrication and assembly work is assigned to
subcontractors and is performed per shipyards’s standard manufacturing drawings.



FIGURE 11-2: Typical items which are more effectively produced by subcontrac-
tors per shipyards' standard drawings include: tubing assemblies such as for
pneumatic or hydraulic systems (A, B, C & D), and small diameter tubing for
gages attached to angle irons that are to be used for walkways (E). When such
items are susceptible to damage during shipment, subcontractors are permitted
to do final assembly work within the shipyards.
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FIGURE 11-3: Additional items that are more effectively produced by subcon-
tractors per shipyards’ standard drawings include foundations (A), walkway
sections (B), pipe supports complete with U-bolts (C), ventilation duct pieces
(D) and pans for shower stalls (E). Just as marking, cutting, bending, fitting
and welding, the responsibilities assigned to subcontractors include painting
and palletizing.
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FIGURE 11-4: Shipbuilders who register supplier catalog items as shipyard
standards can readily assign to subcontractors, assembly work for which ship-
yards cannot exploit Group Technology. As shown, per a shipyard standard
drawing the subcontracted work included mounting each diesel generator on a
foundation, attaching some pipe pieces and pipe fittings which may be shipyard
furnished, and painting. In order to maintain competition, two other manufac-
turers' functionally equivalent diesel generators are also registered as
shipyard standards and are incorporated in similar standard drawings. The use
of such standards minimizes shipyard vendor-drawing approval workloads, short-
ens delivery times, simplifies purchasing activities, enhances quality and
permits great systematization of material management while obtaining competi-
tive prices. Assemblies, as shown, are typical of those for which shipyard
buyers would transfer delivery control to field expeditors. Thus subcontrac-
tors effect deliveries 'exactly when field expeditors schedule crane availa-
bilities for landing on-block or on-board per production schedules.



FIGURE 11-5: Some shipbuilders make certain Stock materials readily available
for assembly work, particularly on-board as shown, for nuts and bolts and
gaskets (A) and for U-bolts (B).
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FIGURE 11-6: Shipbuilders who have mastered integrated hull construction,
outfitting and painting at first associate cable lengths with specific blocks.
That is, a cable length is regarded as a fitting equivalent to a pipe piece
designated for on-block outfitting. Cable suppliers deliver cables cut to
length, coiled and palletized (A) per shipyards’ instructions. Cables are

pulled on-block when blocks are upside down (B). Cables ends are then coded

in a building dock, low from the ground staging permits worker access for
aligning and fixing cables to their supports (D). After blocks are erected,

only the cable ends are pulled into other regions by more difficult conven-
tional methods.
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FIGURE 11-6 (Continued): Cable which is purchased cut to prescribed lengths
and palletized, is classified as Allocated material. If a shipyard elects to
cut and palletize in-house, an appropropriate procurenent classification
could be Stock or Alocated Stock depending upon cable values and quantities
requi red. Conceivably, all three classifications could be used for electric
cable at at the sane time. Pulling precut electric-cable |engths on-block
during the upside-down stage, is a good exanmple of control of work through
control of material. Man-hours per lineal feet of cable pulled and lineal feet
of cable pulled per unit time becone very accurate productivity and progress
i ndicators. Sinultaneously, people are working smarter not harder and
productivity is enhanced.
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APPENDI X A

ANALYSI S OF MATERI AL PROCUREMENT PROBLEMS
EXPERI ENCED IN U.S. SH PYARDS

(A) Shipyard Activity vs. Personnel (B) Procurement Activity vs. Personnel Engaged
Engaged 1 n_Procurenment I nN_Procurement
Million $ p.a (X) d
h .
e e PO,p ' O) 9/}
Q
1) / / Vendor (v)
20 30,00( 200 [~ X O] - 1500
v/ £ S
X
X r // - 1000
10 15,000 100 | /
X v s - 500
X - V}Z
5 @ -

10 20 30 40 50 60 70 person 10 20 30 40 50 60 70 person
COWENT: The few answers obtained COWENT: Roughly, the nunmber of purchase orders
indicate a rough rel ationship between i ssued per person per year is estimated to be 700.
the nunber ui I ding and repair/ The total value ordered per person per year is

conversion orders received vs.
nunber of people engaged in purchas-
ing. Repair/conversion was assunmed to
require 1/10 the people required for
bui | di ng.

the

Procurenment Policy

(O

(1) Do You al ways prepare
a budget for mterials
prior to procurenent?

(2) Should avendor always
be selected through
open bid?

(3)

estimated to be $4,000, 000.

Do you have any designated
vendors with whom you have
long-term contract agreenent
on procurement of materials?

COWMENT: These results show that open bidding is widely practiced, apparently
based on strong belief that cheaper prices are always in a shipyard s best
interest. The affect of open bidding in driving down prices is not denied.
However, the conbination of effective material budget and procurement systens
would limt the number of bids solicited to just enough of the best qualified

suppliers to insure conpetition.
more effective by inproving productivity of
production activities.

both their

This preferred approach would make shipyards
mat eri al

procurenent and
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BY
EACH YARD'S
ENG DEP'T

POS Preparation & Content

COWENT: The mjority believed that POS are
either excessive or too detailed. However,
the results of the inquiry concerning qual-
ity, Part (I) herein, indicate that while
PCS are believed to be excessive and too
detailed, material continues to be disqual-
ified because POS are misunderstood by ven-
dors. Instead of focusing on details in
POS, for certain needs, sending shipyard
personnel to vendors’ firms to explain PCS
woul d probably be more cost effective.

imaginable Energy Consumption
by Eng. Dept.

!
1
|
|
|

No. of yards

Timng of Pos

COWENT: The responses to questions re-
garding the timeliness of POS indicated
that, generally, delays in material
deliveries are mainly attributed to

del ays in engineering.
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one exception, ashipyard
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very |ow

the productivity of engineering is



(E) Omer Designated Manufacturer’s (F) Value Analysis/Value Engineering for
(In connection wth PQOS) Mt erial Procurenent

No of yord

Yavy APPLIED

N\
024'5"5'?17//45_'—@7.

| NDEPENDENT
ORGANI ZATI OV
FUNCTI ON

I'S ORGANI ZED

COWENT: Apart from special cases, e.g., COMMENT: VE is applied by nore than half the
bui I di ng naval ships, shipbuilders have mch shipyards. About 40% are especially active.
freedom to select nanufacturers.

(G Delivery Deviation from Contracted Dates

material

100

day 100 80

ADVANCED DELAYED

CONTRACT DATE

COWENT: Only two companies responded to the perti-
nent inquiry. Interestingly, the results that they
are obtaining are very different. Yard A shows an

i deal distriibution. Yard B should study causes for
"advanced" deliveries and causes for délays and
shoul d deternmine if some of the former could be
applied to the latter in order to obtain a distribu-
tion nore like that for yard A



(D) Preparation of Purchase Order Specifications (POS

EXCESSIVE

DETAIL
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COMVENT: The majority believed that PGS are COMVENT: The responses to questions re-
either excessive or too detailed. However, garding the tineliness of POS indicated
the results of the inquiry concerning qual - that, generally, delays in material
Part indicate that while deliveries are mainly attributed to

ity,
PCS are believed to be excessive and too

detailed, naterial continues to be disqual -

ified because POS are misunderstood by ven-
dors. Instead of focusing on details in

PCS, for certain needs,

sendi ng shi pyard

personnel to vendors’ firms to explain POS
woul d probably be nore cost effective.
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COWENT: Wth only one exception, a shipyard
which issues a large nunber of POS relative to
others, too much energy is being consuned in
reparing fabrication drawings and material
ists, i.e., the productivity of engineering is
very |ow.

del ays in engineering.



{I) Quality Control (Receiving Check)
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Causes of Disqualification

COMMENT: This distribution is inconsistent
with shipyard replies for Part (D). Proba-
bly, the inconsistency is due to different
interpretations of PCS by shipyards and
venders, or carel essness by some vendors. To
prevent-such disqualifications the neasures
noted in Part (D) are reiterated.

(J) Inventory in Warehouse

quantity of Inventory

A
month ¥ Very
12+ Effective x (2)
Shipyard
10 1 P
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i
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#* delay of issue
/. . o of POS
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* of mat'l
disquat:fred
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15 3.0%

N
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60 F

80|

100 |

% of matericl
to be shipped back

Di squalified Material

COMMENT:  Shi pyards which are shipping back
disqualified materials should adopt 1nspec-
tion at the concerned vendors' shops in
order to avoid deleterious affects on pro-
duction schedul es.

COWMENT: Due to the lack of an-
swers, detecting a trend is
difficult. However, the few re-
sults as plotted indicate that
shi pyards which issue POS |ate,
tend to have larger stocks in
inventory. Means to mnimze in-
ventory "are: close review of
usage trende, greater enphasia on
direct purchase and realistic
required dates, relating order
dates to mininum lead tines re-
quired for deliveries and use of
meter purchase agreenents.



(K) warehouse Responsibility for Delivering Mteria

STOCK YARD SHIPPING
CONTROLLED RESPONSIBILITY
BY WAREHOUSE BY WAREHOUSE

DELIVERY
BY BLOCK

(100 % of
yards }

Delivery of Fittings

Delivery of Hull Steel

COMMENT: All shipyards which responded are applying the hull block con-
struction and zone outfitting methods. The difference in control of steel
stock is probably due to the layout of facilities or to tradition. The
difference in control of fittings is probably due to sending nmaterials
through an internediate collection area as conpared to sending them
directly to production sites. The best efficiency is obtained when the
war ehouse is part of the production control organization in order to
facilitate direct deliveries to production sites in a manner that en-

hances producti on.

(L) Construction of Ship

Material to be delivered
delivery date fo be in module 7 zone

pre ~dstermined

Construction by workers
organi zed especially for
hul'l  construction

YES
ON BLOCK

OUTFITTING

CONSTRUCTION

BY HULL
BLOCK SYSTEM

Hul | Construction & Qutfitting
Arrangenment _of _Vrkers

COWMENT: There seems to be no problem in hull construction. As all shi Byards
advi sed they are enploying the zone outfitting nethod, they appear to be not
fully utilizing the concept or have not yet correlated zone outfitting with

mat eri al handl i ng.



M)

acceptance

Material Control

Shipyard

FIX REORDER
POINT SYSTEM
ONLY

100% of
materials

(DO0.) +
(FIX REVIEW TIME
SYSTEM)

Inventory Control System

COMMENT: For other than allocated
(direct) nmaterial, quite a few

of . shi pyards, alnost half, are em
vendors D ¢ ploying both the Fixed Reorder
stondord Point System (for Stock materials)
and the nore sophisticated Fixed
Standardi zation of Mterials Time Review System (for Allocated
Stock materials). Therefore, by
COMMENT: Al though a few shipyards are making further integrating all aspects of
greater efforts toward standardization, nost material management with produc-
lack sufficient enough zeal. Mre standardiza- tion control and enploying the
tion effort isrequired in order to effective- Nishijima Ledger as described in
ly rationalize engineering and material pro- the basic text, there are great
curement work. In particular, nmore effort opportunities to inprove produc-
shoul d be applied to certifying vendor catalog tivity through enhanced material
itenms as shipyard standards. control .
(N) Policy for In-house Minufacture of Fittings

TO RECOGNIZE
TO HELP SUBCONT.

POLICY
IN FUTURE

FABRICATING
AT PRESENT

(100 % of
yards )

USE OF
SUSCONTRACTOR

INCREASE
IN HOUSE FAB.

Present Condition and Subcontracting_for
Future Policy for Fabrication Manufacture of Fittings

COWENT: There is insufficient exploitation of subcontractors. Cenerally,
there is no intention to assign nore of the manufacture of fittings to
outside sources and only 40% of the shipyards realize the necessity to
foster subcontractors. Excuses given are: the yards already have facili-
ties, the trade unions will oppose subcontracting, and subcontracting is
nore costly. According to the "Distribution and Nunmbers of Suppliers for
Each Production Field", also appended herein, there aremany fitting manu-
facturers and/or subcontractors In nmany areas of the US. In order to
becone as effective as the world' s |eading shipyards, naenagers have to
greatly increase their exploitation of subcontractors by first rational-
Iéi ng Itheir production systems and then addressing real and apparent
obst acl es.

A7



(0) Problems in Procuring Meterials, Free Comments

T

i

By Vendors re Shipyards

*** delayed return of approval
** draw ngs

*

POS not detailed enough

** Yards' delivery schedul es

*

are too severe or inflexible

Yards' inspectors do not
observe predetern ned
inspection schedul es

Yar ds backcharge for
probl ems outside vendors'
warranty obligations

A-8

he comments are arranged to contrast the views of shipyards and vendors.
terisks indicate the nunbers of times conments were repeated. )

By Shipyards re Shipyards

*** sl ow engineering response to vendors’

*

* %

*

drawi ngs
insufficient description in PGS
need to expand standardization

need to use more comercially
available mterials

excessive unplanned material needs

engi neering changes to original POS
need to identify materials earlier

need to firm specifications at hid

stage so that POS can be issued on

confract award

period between contract award and
start of construction is too short

design, material and production
efforts are not in the same sequence

mterials lost and damaged by
product i on

By Shipyards Re Vendors

*** yendors fail to keep delivery

schedul es

** yendor drawing subnittal are slow
By Shipyards for owners and Requlators

*

owner demends after contract award
often disrupt procurement schedul es
and/or material budgets

regulators slow in approving draw ngs



APPENDI X B
ANALYSIS OF VENDORS' PROBLEMS WTH U.S. SHI PYARDS

(A) Vendor Activity

No. of vendors

Lmrﬂ

Shi pbuilding Sales vs. Total Sales

. 1
% @ 1 & 9% 0% shar

to
tot af sol es
anount

COWENT: Vendors who replied represent various fields
of endeavor. The nunber of responses was not sufficient
to be truly representative. Collectively, the responses
yr| eld some " hint of the problems that vendors encounter.
he vendors who responded have either a very high or
very |ow dependency on the shipbuilding industry. Few
have internmediate dependency. However, "the answers
received do not seem to be "hiased by dependency.

(B) Sales Activity

No.of orders p.a.

100 -

b S S U Y TR ST S S S S N

10 20 30 personnel

Sal es People vs. Nunber of Oders Received
Trom Shipyards per Year

COWENT: Products by the responding ven-
dors have unit pricés that range from
very expensive so as to require_appreci-
able marketing, to very c,heaﬁj., This mx-
ture suggests that thefe is little bias
in the answers received.

B-1



(c) Gade of POS Issued by Shipyards

G ade f detai
How many POS ff
gh for eff t
sti

25 ~ 50%
2% 50 ~ 75 %
] 5% and
Gade for intenti (shown
by dashed line):
How many PCS judged t
pplicable to vy pr od

% 25 or less
1 wma

Periods for draw ng
approval s (dashed line):
Cases of nmodification during
manufacturing (solid line):

COWMMENT: Shipyards' PCS, it seems, are technically satisfactory
to vendors and the selection of vendors by shipyards seens to
be reasonabl e.

B-2



(D) Approval Drawi ngs

No. of vendors

5

L,

IWakor 1 2 2Wests | 2 2Moath time
Le.ss chlu. 1 Menth Hent.h or More COMNENT:  Shi pyar ds seem to re-
Time Required for Shipyards quire an average of about two
to Approve Draw ngs months for approval of vendor
drawings. This coincides with
No. of vendors shipyard replies. From a materi al
” managenent viewpoint, two nonths

is too long. Quite a few vendors
consi der renegotiations are
necessary after receiving ap-
proval drawi ngs and there seens
to be some cases where design
changes are required by ship-
yards after vendors manufactur-
Ing processes begin. This neans
that POS were issued wthout
sufficient studies of perform
ance and/or owners’require-
ments. At the sane tine, ship-
yard purchasing people think
Cases _when Price is Renegotiated that shipyard engineers produce
Due to Shipyards Conments POS that are too detailed.
Therefore, the significance and
No. of vendors role of PCS should be reeval -
uated. A policy should be issued
concerning inportant matters to
- be included, supplenented by
other necessary guidance.
— ” cases

10% or 10 20% 20 30% 30 50% S0%or
Less More

Caseg when Shipyards Reguire
Modifications as Products
are Being Manufactured

v
T

fl

Ll 3% or 25 30 50 75 15% ot
Less More

cases

5k

DEPEND ON
CASES

INNER CIRCLE !
SOMETIMES REQUIRED BY SHIPYARD TO
COOPERATE WITH VALUE ANALYSIS
QUTER CIRCLE :

POLICY TOWARD REQUIREMENT OF
COOPERATION

Actual Requirement and Policy for Cooperation

COMMENT: Mre than half of the vendors who responded indi-
cated willingness to cooperate with shipyards for VE/ VA



(F) Delivery Control

NO PENALTY
CLAUSE

CONTRACT

(0 % of Contracts )

Contract Cause and Effort to Keep

(ontract

Del1very Dates

"YES' refers to those who make special
fort to adjust

ef

assign extra enpl oyees.

those who do not.

day

schedul es-or to

"NOrefers to

100
sof
60}
[»]
bt
pot 40
-
w
o 20}
VENDORS / PRODUCTS
CONTRACT 8 B L s
DATE I] ¥ I ¥
20l ﬂ “
[=)
41}
S H
Z s0f A B E F 6
>
o
< of
Delijery Date Variation Record in 1982
PRODUCTS
o . _ . .
20 10 10 20 30 day
ADVANCED CONTRACT DELAYED
DATE
Typical Delivery Date Record

B-4

COMMENT: Mbst vendors try
to observe contract de-
livery dates whether or
not penalty clauses exist.
Regardl ess of their ef-
forts, records show that
there are still considera-
bl e delays due to vendor
managenent probl ens. Prob-
ably, in many cases, sales
peopl e have dlsregarded
their own firns produc-
tion requirements for
nmeeting shi p?/ard deI | very
dates. Therefore

yards nust conS|der suffi-
cient lead time based on
inquiries into vendors'
production schedules. Com
nments whi ch were vol un-
teered byvendors include:

o W try to deliver as
needed by shipyards in
a manner t hat mnin zes
handling and storage
probl ens.

o Deliveries to shipyards
are of ten del ayed- be-
cause our material sup-
pliers do not meet their
prom sed deliveries.

o Ship construction sched-
ules usually require
per f or mance;’ that exceed

our capabiliti
o Qur policy is to meet
required delivery dates.



(§ Quality Control

Problems in Quality Control ?—

NNER Cl RCLE: PROBLEMS PO NTED OJT BY SH PYARD

| NSPECTCRS

OUTER CIRCLE: PROBLEMS RELATING TO PCS

COMMENT: Mbst vendors advise that they shop

there are quite a few rejections after

Ho of vendors

r
S

Nt 25%
or

L]

75
§ § §
Tess 30 s more

Products Shipped with Only Inspection by Vendor

(H Shipping

are received in shipyards. The a
dors do not indicate that rejections are related
the answers from shipyards attribute
lack of understanding of

i to POS. But,
L rejections to vendors'

Yet,
roducts
The answers from ven-

Al though omitting inspections at vendors'

plants is desireable,

products

nunber of cases

A

140

120

VENDORS
HAVE CHARGE

OF SHIPPING foo r

80 |

€0 +

40 |

t est
roducts without shipyard inspectors in attendance.
his coincides with answers from shipyards.

[ [ >, such inspections may be the
- only solution if rejections occur repeatedy.

miles

SH PYARDS
20
Responsi bility for Shipping
To_Snrpyards

B-5

200 400 €00 800

Appr oxi mat e Shi ppi ng Di stance

1,000
and
over



()

Service Wrk at Shipyards

COWMVENT: There appear to be no problems in this area. Wen asked, "Wen re-
quired, do you send your service people to shipyards for installation or run-
ning tests of your products?, 100%replied "Yes. Wen asked, "lIs it normal for
youI _todfi ni sh your services within the periods designated by shipyards?, 100%
replied "Yes.

(J) Standardi zation

(K)

COMWENT: | n general, many vendors |ack
STANDARDIZATION standard products. This fact has been,
and still is, a headache for shipyard
managers as many times it is nore inpor-
tant to have timely arrival of vendor
furnished information (VFI) than it is
to have the actual product. A so, custom
products require longer lead times and
In many instances prevent reduction of

FOR SOME the period between award of a shipbuild-
PARTS ing contract and ship dellyerP/. Adopt i on
of “standard products, particularly adop-

tion of vendors regular catal og prod-
ucts as shipyard standards, should be
accel erat ed.
STOCK OF PRODUCTS

Standardi zation and Stocks of Products

M scel | aneous Questi ons

When asked about policy resales to shipyards, 100% of the vendors advise
that they would like to increase sales to shipyards.

When asked to identify vendor/shipbuilder problems that could be resolved or
di m ni shed through discussion:

approxi-mately 10% advi sed POS are not detailed enough, )
u 60% noted delays in return of approval draw ngs,
" 10% felt that shi Eyard inspectors do not observe predeternined
i nspection schedul es,
n 20% sai d that shipyards delivery schedules are too strict or
too inflexible.
No vendors thought that shipyards would be reluctant to accept vendor
st andar ds.

\Wen asked about the merits of dealing wth shipyards:

approxi mately 10% advised that-profits were higher than with other custoners,
10% felt that shipyards offered attractive paynent terns,
" 30% thought it gave them high credibility,
" 40% said that shipyards provided good workl oads,
n 40% advised that 1t was opportunity to diversify.

B-6



APPENDI X C
MATERI AL LEAD TIME

Insufficient data was subnitted in response to questions concerning schedul ed
and actual milestones, e.g., POS issue, PO issue, receipt of vendors' approval
drawi ngs, etc. through actual delivery to a shipyard production site, to
justify anything nore than sone brief statenents.

Conparison of the few answers from both shipyards and vendors indicate that
material deliveries are usually affected by some technical requirenments, e.g.,
[)ratﬁlnal type, quality, and capacity, and by market factors such as a vendors'
ackl ogs.

In sone cases, shipyards and vendors' inputs coincided. For exanple, vendors'
lead times for a main boiler were approximately 12 nonths, for an auxiliary
boi | er a\;l)\ﬁroxi mately 11 nonths and for a waste-heat boiler approxinmately 10
mont hs, ile shipyards reported 9 nonths mininum and 18 nonths maxi mum for an
average of 14 nonths.

However, for deck machinery there were great differences, Vendors reported 5-6
months lead time and the shipyards reported an average of 17 months for
steering gears and 12 nonths mininum for windlasses. The vendors'|ead times
for generator sets at 9 months differ significantly fromthe shipyards
reported average of 14 months (10 months nininum and 18 months maxinun.

Conpared to experiences in Japan, lead times in the US. are long eg:

Us. In_Japan
Average lead time 20.5 nonths 6.4 nonths
Submttal date of 2.5 nonths 15 days
pl ans for approval
after issue of PO
Return of apProyaI 2.5 nonths 35 days
plans after their
receipt

c-1
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RECORD OF VERY EFFECTI VE SH PYARD I N JAPAN

A - Issue POS E - Inspection at Mg's Shop
B - Issue PO F - Shi pnent .

C - Receipt of Mg's Drawing for Approval G - Receipt at Shipyard

D- Approval of Mg's Draw ng H - Issue t0 Shop

These plots show the el apsed time in percentages of nil estones against the

total period fromnaterial

DEL) and by depicting

the accunul at ed nunber of cases as a curve.

ordered (ORD) to deliverK (
Thus, the

ordering and/or naterial

delivery includes all

time for materi al
of the itens used in this

gr aph.

From these graphs it can be seen that plots of the tines of receipt of manu-

facturers'
dr awi ngs,
in Japan.
during production,

approval _
do not show peaks as is usuall

etc., in US vyards.

drawi ngs and the times for approval

This is another indication of [onger lead tines,

of manufacturers

the case for the nost effective yards
more change orders
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AL AR AZ CA|[{CO CT DE FL| GA IA IL IN | KS KY LA wmA

Prim mat. 1 1 1 1 2 1

Cast. & forging 2

Paint, Corrosion cent 9 1 1 2 2 2 2 1
Rig. &fitting 2 1 1 5 1 1
Qutfitting & fab. prod. 6 1 1 3 1 3 1 4 5
Deck machinery 1 1 6 2
Living quarter equip. 7 1 3 5 3

Life saving, signal 1 4 2 1 1
Piping, pipe fitting, etc 3 9 3 2 1 1 1
I'nsul ation 4 1 2 1 1

Mai n eng. 2 1 1

Boiler 4 3 1 1 1
Shaft & prop. 1 3

Aux mat h. 1 14 6 1 2 2 14 4 2 3 7
Gen. and notor 2 1

Lighting 2

Nav. & comm equip. 9 1 1 2 1 2
Elect. eg. and ace. 2 1 1 3 1

Control sys. & equinp. 1 16 1 5 1 12 1 1 6 9
Aux. mat 5 1 1 2 2 2
Total 5 1 1 97 5 32 7 21 8 5 5 9 6 6 29 42

Numbers and Types of Manufacturers - Al abama to Massachusetts

*S°N HEHI NI SHHUNLDVANNVH TVIYHIVA 40 NOILNIIY¥YLSIA
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MD ME MI MN|Mo MS MT NC |NE NH NJ NY| OH OK OR PA
Primmat. ! l l 1 311 [
Cast. & forging 1 3|1 5
Paint, corrosion cent 5 T 8 6| 1 3
Rg. &fitting 2 3 2 9| ! 5
Qutfitting & fab. prod. b L 1)1 2 6 12 |10 5 10
Deck machi nery 2 5 112 1 L] 2 416 | !
Living quarter equip. 5 l 1 5 8|1 2 1 4
Life saving, signal l l 3 1|2 l
Piping, pipe fitting, etc 2 42 L |1 4 8|14 3 1 T
Insul ati on l 1 3 4
Main eng. 0] 1 2
Boi  er 2 1 3|2 | 2
Shaft & prop. 2 ! !
Aux math. b T 211 ! 14 11 (8 1 1 6
Cen. and motor 1 1] 1 0
Lighting 3 1] ! 3
Nav. & comm equi p. 8 2 4 4 8| 1 3
Hect. eq. and ace. 11 l 9 7|1 |
Control sys. & equip. 1 1 4 l L 1441765 2 10
Aux. mat L 1 . 10 6| 9 L8
Total 39 2 30 7 (15 5 1 8 |4 10 89112 {106 11 10 90

Numbers and Types of Manufacturers - Mryland to Pennsylvania
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RI SC TN TX|UT VA WA WI |wv

Prim. mat. 2 1 2 1
Cast. & forging
Paint, corrosion cont 2 1
Rig. & fitting 2 1
Outfitting & fab. prod. 2 1 4 2 4
Deck machinery 3 4
Living quarter equip. 1 5 2 1
Life saving, signal 1 2
Piping, pipe fitting, ete 1 5 1 5
Insulation 1
Main eng.
Boiler 1 1
Shaft & prop. 1 2 1
Aux mach. 1 7 1 3 14
Gen. and motor 1
Lighting 3 1 2
Nav. & ecomm. equip. 2 3 4 6
Elect. eq. and ace.
Control sys. & equip. 1 1 8 1 8 5 1
Aux. mat 1 1 2 1

Total 11 1 4 47 1 15 34 42 3

Numbers and Types of Manufacturers - Rhode Island to West Virginia



DISTRIBUTION AND NUMBERS OF SUPPLIERS FOR
EACH PRODUCTION FIELD

Abbr. P: Primary material E: Electric equipment
L: Uving/outfitting C: Control equipment
M: Machinery

D-5 GRAND TOTAL : 41 STATES




Ratio of Operating

Ratio of Ordinary
Incame to Net Sales (%) 15

Ratio of Net Income
to Net Sales (%)

)
PIrTITTTT

Income to Net Sales(s)

Ratio of Gross
Profit to Net

Sales (%)
Turnover Ratio of
Total Liabilities
and Net Worth (time)
30

Labor Productivity

E N\
-
-\
. N\
sk 20,
Ratio of Net Worth n A) Profit Ratio of
to Total Liabilities - \ Operating Income
and Net Worth (%) N to Total Liabilities
T and Net Worth (%)
N
Profitability b ﬂ
Ratio of Fixed Asgets _ :"0
J

to Net Worth (%)

Ratio of Fixed aAssets
to Total Net Worth and
Long-Term Loan Payable(%)

Ratio of Current Assets
to Current Liabilities (%)

Ratio of Liquid Assets
to Current Liabilities (%)

Ratio of Interest
Expengses to Net Sales (%)

E-1

(Amount of net product
per capita, per month)
(Dollars)

Fixed Assets Turn-over
(time)

Ratio of Total Selling
and General Administrative
Expenses to Net Sales (%)

140 .
= Distribution Ratio
- for Labor (%)

Processed Value in
House Per Capita
(Per month) (pollars)



Balance Sheet
{Dollars)

Account Titles Code | As of () | 3 |as of ® | | @ - (%)m

Assets

Cash and Deposits ‘ : X
Notes Receivable-Trade
Accounts Receivable~Trade
Accounts Receivable-Non Trade
Finished Goods

Raw Materials ¢ Supplies
Works in Process

Loans

Current Assets

Advance Payments
Securities
Prepaid Expenses

Other Current Assets
Less-Allowance for Coubtful Accounts

al Current Assets

ol
o

Buildings and Structures

Machinery and Equipment

Cars and Other Land Delivery Equipment
Tools, Furniture and Fixture

Other Tangible Fixed Assets

T and
4and

Fixed Assets

Construction in Process
Intangible Fixed Assets
Investments, etc.

Total Fixed Assets

Deferred Assets

Total Assets 100 100

Notes Payable~Trade
Accounts Payable-Trade
Accounts Payable-Othexr
Short-Term Loans Repayable

Advances Received
Reserve for Bonus
Resexve for Taxes

Current Liabilities
)

Accrued Expenses
Deposits Received
Other Current Liabilities

al Current Liahilities
£ o] R%

Long~Texrm lLoans Repayable
Reserve for Retirement Allowances
Other Frixed Liabilities

y
Liab 315 ied

al Fixed Liabilities

wia
31

cific Reserves

Capital Stock

Legal Surplus

Retained Earnings

Retained Earnings Brought Forward
Unappropriated Retained Earnings

Liabilities and Share ledez:s' Bquity

M%]y.’dlers ¢

tal Share Holders' Equity

o |8 sha

.
»
.’

1 Tlathilisline and Chava HaTInws
CRi LLIBDLALCITS &NG Snare noxGers

g
4
s
[V
[y
Q
©

Note Receivable Discount
Accumulated Depreciation
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I ncome Statenent

{Dollars)
Accounts Titles Code | Year ended (A)] % | Year ended (B)| % (B) - (a) (%) (%)
a3
@
'."f" Net Sales
«
100 100

Total Sales

Finished Goods Inventory at Begining

ozt Af Namde Dusnhasad
Co8C OL OLAS surcaassed

Cost of Products Mfd for the Period
Finished Goods Inventory at End

ost of Sales;

O P
Total Cost of Sales

Gross Profit on Sales

Directors' Salaries

Employees' Salaries and Allowances
Welfare Expenses

Retirement Allowances

Stationary and Supplies
Depreciation Expenses

Rent and Repair Expenses

Insurance

Light and Power

Taxes and Public Dues

Selling Freight

Traveling Expenses, Carfare and Postage

Operating Income

Entertainment
Advertizing Expenses
Cormission

Selling and General Administrative Expenses

Other Expenses

Total Sell. and Gen. Admin. Expenses

Operating Income

Interest and Discounts Earned
Dividends Earned

Other Revenues

Tofal Non=-Operating Revenues

Interest and Discount Expenses

Non-Operating Income

Other Expenses

Total Non-Operating Expenses

Ofdinary Income

Profits on Disposzal o

"
3
A

[

I+
o
03

n

[}
'+
a

Reversal of Specific Reserves
Others

al Extraoxdinary Profits

Losses on Disposal of Fixed Assets

Extraordinary Income
g

Provision of Specific Reserves
Others

Total Extraordinary Losses

Net Income Before Taxes

Provision of Reserve for Taxes

Net Income

Retained Earnings Brought Forxward

Onappropriated Retained Earnings




Statement for Manufacturing Cost

{Dollars)

Account Titles

Code | Year Ended (n)} %

Year Ended (B)

{B) -.(a) -.f?{) )

Purchase for the Period

Material
Cost

Inventory at Begin. of the Period

Total of Material Cost

Direct Cost

Sub~Contracting
Labor Cost

Total Direct Cost

Indirect Material Cost

Indirect Labor Cost

Welfaxe Expenses
Depreciation Expenses
Rent and Repair Expenses

Insurance

Manufacturing Cost

Indirect Cost

Light and Power

Taxes and Public Dues
Retirement Allowances

Factory Expenses

Other Expenses

Traveling Expenses, Carfare and Postage

Total Factory Expenses

Total Indirect Cost

Gross Manufacturing Cost

100

100

Works in Process Inventory at Begin.

Works in Process Inventory at End

Cost of Products Manufactured

Statement of Appropriations

{Dollars)

Account Titles

Code | Year Ended (a)] %

Year Ended {(B)

®-w | Sw

Net Income

Retained Earnings Brought Forward

Legal Retained Earnings
Voluntary Reserve
Dividends

Directors' Bonuses

Appropriations g’;;g{:g-

Retained Earnings Carried Forward

Number of Directors and Employees

{Persons)

Items

Code |Year Ended (A} | %

Year Ended (B)

B
(8} - (n) AR

Directors

Clerk
Sales
Designer, Engineer

Indirect Labor
Dixect Labor
Terporasy
0dd-Jobber

Employees

Total
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Business-Index Analysis Table

per Capita

(No. of Employees)

items Formula Year ended Year ended Tendency | Standard
Profit Ratlo of OP.I to (OP.I)
T.L. & N.W. T1. & NA) 100 | »
Turnover Ratio of T.L. (N.S.)
and N.W. T.T. & K.0.) time

b Ratio of G.P. to (6.P.)

4| ns. m.5.) X100 | s

i
Ratio of OP.I to (oP.I.)

g | ws. s X100 s

Y]

a -
Ratio of Ord.I. to (Ord.I)

N.S. §.5.) x 100 | &

Ratio of N.I to (N.I.) ) -
N.S. .5 X100

Ratio of N.W. to (N.W.)

T.L. and N.W. T5. & Nowoy 100 | »

Ratio of F.A. to {(P.A.)

N.H. (N.H.) * 100 |

g

2] Ratlio of F.A. to i (F.A.) x 100 -

& [ .M. & noT.L. (TRAML.T.L.5) oY

(%]

Ratio of C.A. to (Cc.A.)

C.L. {c.t..) x 100 | »
Ratio of L.A. to (L.A.)

C.L. {c.L.) x 100 | »
Ratio of I.E to (I.E.)

N.S. (¥.5.) x 100 | »
Ratio of L.P. to (L.P.)

T.L. and N.W. ToL. & NoW.) X 100 | %
P.V. in House per (P.v.) N
Capita per Month (No. of Employees) ® #
Distribution Ratio (P.E.)

for Labor (P.V.) x 100 *
Ratio of T.S. & G.A.E. (T.S. & G.A.E.)

_§' Expenses to N.S. (N.S.) x 100 *

>

-l

8 Fixed Assets (N.S.) kime

'§ Turnover (P.A.)

o Labor Productivity (N.P.) s 12 )
(pexr month) (No, of Employees) "’ $
Efficiency of Investment (P.V.)
on Equipment(Machinery) | (Amount of Equip.) Fime

"g Ratio of N.S.I. (N.S.I.) 100

2 (N.S. of Previcus * *

(] Period)

g
Ratio of T.L. & (T.L. & N.W.I)

81 Nz (T.L. & N.H. of %199 »

8 Previous Period)

Average Personnel (P.E.)
Expenses per Capita e $ 12 g

g per Month (No. of Employees)

k-4

5 | amount of Equip. (Amount of Equip.) s

NOTE: Legend for abbreviations is on Page E-6.




[tems Code Year Ended (A) | Year Ended (B) (B - (A (;%) (*)
Nat Sales
Amount  of Net Product

Processed Value in House

LEGEND: L.A = liquid assets = cash end deposits + notes receivable-trade + accoonts receivable-trade
|.E =interest expenses = interest and discount expenses - interest and di scount earned
L.P. = loan payable = short-term|oan payable + long-term | oan payable

N.P. = anount of net ﬁroduct = net sales - finished goods and work in-process inventory at the
begi nning of the period + inventory at the end of the period

P.V. = net product - cost of goods purchased - direct and indirect material cost - consumables
and energy cost - subcontracting cost

P.E = personnel expenses = enployee salaries and al | owances + direct and indirect |abor cost +
wel fare expenses + retirenent and all owances

N'S. I. = net sales increase = net sales - net sales of previous period

TL &NWI. = (T$tfl es and net worth increase = total liabilities and net worth -

[iabiliti
& N'WI. ) of previous period

CP.1. = operating incone NW = net worth C.L. = current assets
GP. =gross profit F.A = fixed, assets C.L. =current liabilities
Ord.l. = ordinary incone N.1. . net incone L. T.L.P. = long-term loan payable

T.S. & GAE . total selling and general adninistrative expenses

Break-Even Point Analysis Table'

(1 1 3 [ 1 [ 1 (] [l

Brsak~Even Point

Expenses (Variable-Fixed)
]

1 L] L] L4 L4 ¥ L] L] L}
Mount of Net Product
at Break-Even Point

(doffars)®

Items Year Ended () | Year Ended 03 | (1) - () [ B ew

S 3 Jmount of Net Product (Het Sales + Inventory)
V 1 Variable Expenses [{N.P) - (P.V)]

P s Pixed ¥xpenses {(P.V) - Ordinary Income]

Gt (r.v)

“w uw e s

Ratfo of Variable Expenses to {K.P) (V/5 x 100)
Jatio of Tixed Expsnses to (K.P} (/5 x 100}
93 Ratio of (P.V) to (N.P) (G/5 x 100}

A s (NP} at Break-Even Point (F/g x 100)

a1 Matio of Break~Even Point (NS x 100)
Ratio of Operaticn's Security (100 - a)

o oo




VELDOR SURVEY SHE:RT
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Techmical
cooperation

rechnical cooperation

item,

yr/mo. - yr/mo, I T

—— i .

Amount of our Cougany's Prod

amount}

uet handted (11} uE—ycgf,

item | Technical cooperation party

i m e A smr e mnww we

I

gub-liernoing party (lase uf N}

e —— e £ 4 1m o e SRS A s S

. —————— ——

PR S}

]_Transaction started date with ust

Section made out review review review review
in b J— e e g s i ] iy e e e —— e —— i — i am——— —
Charge
Manager stafi H 3 5 H 5 M 5
Name of
tendor’ s e
Company v Cod
Address 1EL
Head Oifice
Dept. & Person in
Charge for wur
Forener v un— L e Rttt .- - - - _— e e e = e
H
7]
1]
overseas Office
) . T T - Hame of Re-
Ltarge Share- .
share (%} Main Bank . i
helder presepcative
Capital dollar! dellar
i
[T S B e — n_“”_mﬂqm“-néﬁﬂlof S
3 i Year
3 istabiished Manth ear i oerlement
E N PSP RS el ——— e et o} e mnm e gy T
E’i Homber of ;Listvd onh market
husincess Group: !
8 P ifon
R A Rt N pppe———et et St ettt e ar reenma ]
Division 1982 1983 1964 19R% 1086
Business &
ales
toral No.o of _s__l_ R ‘ . _ . ) L . _
Emp lnyecs
Others
Person P P P P
Total
Average Salary
Averaqge ayge
Average gerving years
tabour union res Ho Upper ‘
vrgaliizati ol
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j: Vendor Survey Sheet, Fa
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[ =3
ra

1979 1980 1981 1982 1983
o - ]
Total sales s C 2 $ ! $ \
(ordinary profit) 100 100 100 100 100
T J{iicur
Company
3 (e} T
Fe) .
i
5 13
=
3
g
- |4}
7]
i
E - —_
3 (5%
7]
a2
L it
e 1(6}
e
a
b
Name of business , R "‘-Thu
transacting Items Ratio to own Ratio to manufac~ Ratio of shares hold

Flanufacturers

Address:

(make marks to supplies for
our company)

gsales amount (%)

and yes or no of
directors despatched

turers total sales
(V)

BUSINESS TRANSACTIONS

e —— s v — - ——

Other optional opinion on qQ

uality, delivery and transaction problems {if required, add additonal sheet)

e o i b i E———ii

Ordering departinent of
Our Company

1

B N

vendor's person in charge :

Depatrtment

Name

FIGURE 8-1(b):

Vendor Survey Sheet, Page 2.
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SUBCONTRACTOR SURVEY SHEET

1/2
|
Section in made out review review review review
Charge
Hanager | Staff
_ H s M 8 SM S sH $
Name of Company
vendor's Code
Main product
Add TEL
ress {make marks for us)
Head Office
Dept. & Person
in Charge for
Our Company
works
n
Overseas Office
Large Share-
Share {\) Name of
holder Main Bank representative
Capital dollar dollar
. Month of
Established Month Year | covilement
g Member of Listed on Market
E | _ Busin?f? Group: Non
g Main Raw Material ) Re lying Hain Raw Materiaj Relying
g |and Parts Mair Suppliers Ratio (%) and Parts Hain Suppliers Ratio (%)
S O — R RSPV O e
Division 1879 1980 1981 1982 1983
Engineer
Total No. - A o e e b e v s e 1 —
of
Pmployees Worker
e - m et e —— - - - - am — T I P ———— SRR PSSR T it bl R el
Business &
sales
Cthers
Total
Average Salary
Average age
Average serving years
Labour union yes Ho Uppet Organization

FIGURE 9-1{a):

Subcontractor Survey Sheet, Page 1.



26

D JIs Others
el I
: Classifij-
=0 cation
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L v . e e e e e e e e e :
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i e e e e — N e e e e v
.
)
H —_ .- e e} e et e ———— e+ e e, .- -
E-
=
0 - p——— — i m— o e
1379 1980 198} 1982 1933
— e — - - ———r - A |
Total sales Y 4 1Y LY
: . %
(ordinary profit)
f F’”__._ ( Y100 1} ¢ y | 100 ( 41100 { y{1o0 ) y| 100
i) our | R A ] 3
Company
g (2} ——
3 13 T
a
-]
]
c [4)
Ea ]
o —
S 5
7] _— I
5 nmount of direct
bt export
=3
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- & -
ARE
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e . v 3 % 3
5
n os \ b} 1 1 %
tn " ———
[ Qo
7 38 . A \ L} LY
Lol .
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3 Agent for Our Company
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other opticnal opinion on gquality, delivery and transaction problems (If required, add additional paper)
' ———— - s oo i o
Ordering department of IHI
tiame

vender's person in charge : Department

FIGURE 9-1(b): Subcontractor Survey Sheet, Page 2.




Business Situation Judgement Chart

Ratio of Cperating

Income to Net Sales(n)

Ratio of Ordinary
Income to Net Sales (A)

5 |

Ratio of Xet Income
to Met Sales (\)

Ratio of Net Worth
to Total Liabilities
and Net Worth (\)

1
L LR B L)

Ratio of Fixed Assets
to Net Worth (%)

Ratic of Fixed Assets
to Total Net Worth and
Long-Term Loan Payable{%)

Ratio of Current Assetls )
to Current Liabilities (%} \\
Ratio of Liquid Assets 1

to Current Liabilities (%}

Ratic of Interest

Expenses to Net Sales (\)

Profitabilicy

2
Productivigy/ 7.

Ratic of Gross
Profit to Net
Sales (%)

Turnover Ratioc of
Total Liabilities
and NHet Worth (time}

o

- : = Labor Productivity

— T | >~
, sxninRanRs Rl “  (Amount of net product

) per capita, per month)
~
||‘II

Profit Ratic of
Operating Income

to Total Liabilities
and Net Worth (M)

10

{Dollars)

Fixed Assets Turn=-over
{time}

0

50 Ratio of Total Selling
0 \ and General Administrative
\ Expensas to Net Sales (%)
30
~ e Distrihution Ratio
50~ for Labor (%)

Processed Value in
House Per Capita
{Per month) {Dpollars)
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Balance Sheet

(hllars}

Current Asscots

Total Current Asgets

Account Titles

Code | As

of LA}

(B)

(B} - (M

T a

I S TR
i &

Cash and Deposits

Notes Receivable-Trade
Accounts Receivable-Trade
Accounts Receivable-ton Trade
Finished Goods

Raw Materials ¢+ supplies
Works in Process

Loang

kdvance Paymentg

Securities

Prepaid Expensesg

Other Current Assets

Less-Allowance for Coubtful Accounts

Assets

Fixed Assets

Buildings and Structures

Machinery and Equipment

Cars and Other Land Delivary Equipment
Tools, Furniture and Fixture

Other Tangible Fixed Assets

Land

Congtruction in Process

Intangible Fixed Assets

Invegstiments, ete.

Total Fixed Assets

Deferred Assets

Total Asacts

160

100

Current Liabilities

N

&
&4

1

i
e
“q

Al _Current Liabfili

Hotes Payable-Tr;ée
Accounts Payable-Trade
Acecounts Payable-Other
Short-Term Lcans Repayable
Current Instalments of Long-Term Debt
fdvances Received

Reserve for Bonus

Reserve for Taxes

Accrued Expenses

Depogits Recelved

Other Current Liabilities

———

Lonyg~Term Loans Repayable
Reserve for Retirement Allowances

Cther Fixed Liabilities

Total Fixed fiabilities

Specific Reserves

e e e e e —— -

Liabilities and Share Holders' Equity

143 '
aiguE%Y ers

=
vl

Total Share Holders' Eguity

Capital Stock

Legal Surplus

Retained Earnings

Retained Earnings Brought Forward

LUnappropriated Retained Earnings

-

Total Liabilities and Share Holders! Bquity

100

tae

e

Note Recelvable biscount

Accumilated Depreciation




|

income sStatement

(Dallars) _

Accounts Titles

Code

Year ended {(A)

Year ended (B)

(8}

B
- (&) (K) (%)

OCperating Income

Het Sales

tal Sales = . ._
Finished Goeds Inventory at€ Begining
Cost of Goods Purchased

Cost of Products Mfd for the Period
Finished Goods Inventory at End

Cost of saleslg&nles(

Total Cost of Sales

L ——

Gross Profit on Sales

Directors' Salaries

Employees' Salaries and Allowances
Helfare Expenses

Retirement Allowances

Stationary and Supplies
Depreciation Expenses

Rent and Repair Expenses

Insurance

Light and Power

Taxes and Public Dues

Selling Freight

Traveling Expenses, Carfare and Postage
Entertainment

Advertizing Expenses

Commission

Selling and General Adminjistrative Expenses

Other Expenges

Total Sellﬁ and Gen, Admin., Expenses

ey e v W RN el e e —— —

Cperating Income

—_—

Non-Operating Income

Interest and Discounts Earned
Dividends Earned

Other Revenues

Total Non-Operating Revenues

Interest and Discount Expenses

Other Expenses

Total Non-Gperating Expenses

Ordinary Income

Extraordinary Income

Profits on Disposal of Fixed Assets

Reversal of Specific Reserves

Others

Total Extraordinary Profits

Losses on Dispcsal of Fixed Assets

Provision of Specific Regerves

Others

Total Extraordinary Losses

Net 1Incconme Before Taxes

Provision of Reserve for Taxes

Net Income

Retained Earnings Brought Forward

Unapproupriated “Retained Earni n“és




-1

Statement for Manufacturing Cost

{bollars)

Account Titles

Purchase for the Period

Materiall
Coast

Inventory at Begin. of the Period

Inventory at End of Period

Code | Year Ended (A)

e s —

— A —

Year Ended (B)

B - () | (Brw
A

NS —— NO—

Total of Material Cost

Direct Cost

Sub-Contracting
Labor Cost

Total Direct Cost

indirect Material Cost

Indirect Labor Cost

- e

Welfare Expenses
Depreciation Expenses
Rent and Repair Expenses

Insurance

Manufacturing Cost

Indirect Cost

Light and Power

Taxes and Public Dues

Factory Expenses

Retirement Allowances

Othar Expenses

Traveling Expenses, Carfare and Postage

.~ o, i e e | 9 b i

b ep—— . 4 . v nmm 0 o | e e

Total Factory Expenses

Total Indirect Cost

Gross Manufacturing Cost

100 |

100

Works in Process Inventory at Begin,

Works in Process Inventory at End

Cost of Products Manufactured

Statement of Appropriations

{Dollars)

Account Titles

Code | Year Ended (A)

Ket Incame

Legal Retained Eaxnings
Voluntary Reserve
Dividends

Directors' Bonuses

Appropriations g?fﬁgﬁg'

Retained Earnings Brought Forward

Hor ———

Retained Farnings Carried Forward

JF—

Year Ended (B)

B
(B) = (A) (KJ(‘}

Number of Directors and Employees

(Persons)

Itemg

Code { Year Ended (A)

Year Ended (B)

B
{8} - (A) lK}(‘}

F~3
Directors

Clerk
Sales

Designer, Engineer

O e e —

Indifect Labor

Direct Labor

Employees

Temporary
Odd-Jobber

Factory

Total

-




Business-Index Analysis Table

Items Formula i Year ended Year ended | Tendency } Standard
e T e —— s mes s e ——— el - — — _ . _i . .IE
: | !
Profit Ratio of OP.I to {OP.1) X 160 ! ;
T.L. & N.W. (T.L. & N.W.) b i
Turnover Ratio of T.L. (N.5.) _ :
and N.W, i (T.L. & H.W.} Cime i
| !
f? Ratioc of G.P. to 5 (G.P.) < 100 \
% N.S5. {n.
+ Ratio of OP.I to {OP.1.,)
S| s, (N.5.) X 1001 s
a
Ratio of Ord.I. to {Ord, I}
NoSo (N.S.) x 100 ‘
!
Ratio of N.I to {N,I.} :
N.S, (N.S.) X 100 | %
Ratio of KN.W. to {N.W,)
T.L. and N.W. (T.L. & N.w,y % 100 .
Ratio of F,A, to {(F.A.}
N.W. (N.W.) x 100 1
>
e
I Ratio of F.A. to {F.nr.)
g T.N.W, & L.T.L.P, PLH.HFHL.T.L.PJX 100 '
W
Ratio of C.A. to o)
C.L. (c.L.) X 100 1 4
Ratio of L.A, to (L.
C.5. {c x 100 | 8
Ratic of I.E to (I.E.}
N.S, (N.S.) X 100 1 »
Ratio of L.P. to (L.P.})
T.L. and N.#, (T.L. & N.W.} x 100 '
P.V. in House per {(P.v.) : 14
Capita per Maonth {(No. of Employees) ° 3
Distribution Ratio {P.E,)
for Labor (P.v.,) x 100 '
Ratio of T.5. & G.A.E, {T.5. & G.A.E.)}
0
E? Expenses to N,S. (N.S,}) x 100 *
o
E Fixed Assets (N.S.) s
§ Turnover (F.A.) ime
& Labor Productivity {N.P.) : 12
{per month} (No. of bEmployees)® ¥
Efficiency of Tnvestment (P.V.,) !
ot Equipment(Machinery) {Amount of Equip,) ime
&
g Ratio of N.S.1, {(N,5.1.) x 100
(N.S, of Previous ‘
v
O Period)
'Jc-;
o Ratio of T.L, & (T.L. & N.W.I) 104
41 N.H.T. (T.L. & N.H. of * b
§ Previous Perjod}
Average Personnel (P.E.)
Expenses per Capita — P12 g
o per Month (No. of Employees)
£
o Amount of Eguiv, {Amount of Equip.)
per Capita {Ho. of Lmployees) $

NOTE: Legend for abbreviations is on Page F-6,
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Icens

Het Sales

1 :
Code Year Ended (M) Year Ended (B) (B = (A)

B
(&){\)

————

———— ——

Amount of Net Product

—— ik - ¢

Processed value in douse

- —-——— — - ——r

e e i e ‘ -]

LEGEND: 1..A. =

PV, =

}‘IE. =

N.S.T.

T.L. &

OP.1, = operating income
G.P. = gross profit

Ord.I. = ordinary income

Jicurd assets = cash and deposits + notes receivable-trade + accounts receivable-trade
intercst cxpenses = intercst and discounl cxpenses - interest and discount carned
loan payable = short-term loan payable + long-term loan payable

amount uf net product = net sales - finished goods and work in-process inventory at the
beginning of the period + inventory at the end of the period

net product - cost of goods purchased - direct and indirect material cost - consumables
and energy cost -~ subcontracting cost

personnel expenses = employce salaries and allowances + direct and indirect labor cost +
welfare expenses + retirement and allowances

= net sales increase = net sales - net sales of previous period

V. W.I. = Total liabilities and net worth increase = total liabilities and net worth -
(T.L. & X.¥.1.) of previous period

N.W. = net worth C.L. = current assets

F.A, = fixed assets C.L. = current liabilities

N.I. = net income L.T.L.P. = long-term loan payable

T.S5. & C.A.E. = total seiling and general administrative expenses

Break-gven Polnt Analysis Table:

| i i 1 ] 1 L 1 1

Break-Evan Point

Expenses (Variable-Fixed)

I I 1 L] I 1 1 ] )

Amaunt of Het Product
at Braak-Even Point
{dollars)

Year Eoded (B} (B} = (A} '.'El'[tl

- —r i

Year Ended (A}

Itens

£ 1 Mwount of Met Product [Hat Sales ¢ tnvantory)
¥ 1 Variable Capenses [{N,P} « (P.V]]

f 1 rized Expenses [ (P.¥) = Ordinary Incoee]
AL

1WA A AN L3

ar————

—

Ratic of var lahlc Exgénie

s to (r.01 V5 x 103}

patio of Fixed bxpenses to {N.P) (F/5 x 10V)

g
At

ratio of ¢feration's Secuckty {1U0 - al

Ratio of (P.¥} Lo IHN.P} {G/S x 100}
(H,P) at Bresk-Even Folnt LF/g x 100}
Ratio of Sreak-Bven Polnt (A/S x 1UD}

90“0‘0‘




INITIAL PLANNING IMPLEMENTATION CONTROL & EXECUTION

DESIGN/ENGINEERING

CONTROL

PROCUREMENT

Material & DPesigm Sta.ndardg Value Engineexring

Ip)alue Engineerin

Functiona) Design

Basic Design

Basic Design

Contract

Specifica-
tion

Vender List

value Engineering

Working Instruction & Material Detail Design Drawing

Preliminary ' MLA l MLS MLF
MLA
) Feed-back to "Basic
Material POS Material List of Ship"
BSA0E5) List as to Q'ty used.
of Ship Fabrication -
Drawing
_ - ~l.
Budgeting o
' |
Material
Budget for l ,
Control Classi- ™
Haterial Purchase fication Check Nd s 4 -
Control
Planning agn
Planning | "AS"
Schedule Production Y y, Forecasting & Fixed Reorder
\/r-\ Schedule 7 N Reviewing Point Check
Material f \/ A 74 l
Procurement N\ - L, >
w TO: e’

e 5lip for
standard Lead Time - Vender List Material
Information of - Budget i _ issuve
Suppliers . General Mat. Value Engineering™ & Extraction of Profit from Budget

. Control
T Purchasing/Subcontracting
P/O for l P/O for r/O for
z:;:};::gg;s;:b- "A" Mat. "AS" Mat. "A* Hat.
Research
Specific Mat. /Long Lead Time “A" Material
Abhr, P/O: Purchase order "pge
Mat: Material o
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sch: Schedule E
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FIGURE 10-4: Outline of Product-Oriented Material Management. wg*
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